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Logarithmic  amplifiers. 

V-  M.  Volkov. 

Pages  1-244. 

Page  2. 

In  the  book  are  presented  the  theory  and  the  calculation  or 
selective  and  aperiodic  logarithmic  amplifiers,  are  examined  the 
possible  methods  of  obtaining  logarithmic  amplitude  characteristic, 
transient  processes  in  aperiodic  and  selective  logarithmic  ampin  : n 
the  field  of  their  application/use,  and  are  also  given  practical 
diagrams. 

The  book  is  intended  for  technical  personnel  in  the  t ic  1 i <;i 
radio  electronics,  who  are  occupied  by  development  and  the 
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construction  ot  logarithmic  amplifiers,  ami  disc  for  tho  stul*nt' 
radio  engineering  VUZ  [ - Institute  cf  Higher  Education]  j.  i 

technical  schools. 

Page  3. 

Preface. 

Our  country,  which  is  the  native  land  of  radio,  provides  t !.  iK 
possible  development  of  tms  most  important  branch  of  science  a;.: 
engineering  and  its  wide  introduction  into  national  economy.  it.-- 
solution  to  the  majestic  problem  ot  developing  of  the  material  tt;. 
technical  base  of  Communist  society  in  our  country  is  unthinka;  i- 
without  the  development  of  radio  electronics.  For  the  automat i ■ 
productions,  provided  for  by  program,  it  is  necessary  to  solv  i 
number  ot  scientific  problems  in  electronics  and  to  create 
qualitatively  new  electronic  equipment. 

Amplifiers  with  by  logarithmic  amplitudyy  characteristic  r-  ■ :.  t 1 
all  mote  are  applied  in  the  different  fields  of  radio  electronic.  , 
automation  and  in  the  measuring  technique. 

The  idea  of  obtaining  and  the  practical  implementation  of 
eguipm^nt/dev  ices  with  logarithmic  amplitude  characteristic  fuiilii: 

to  the  Soviet  scientists.  Thus,  foL  instance,  in  the  institute  >: 
radio  receiving  eguipment  the  acousticians  (1RPA)  it  1437  was 
developed  logarithmic  a m pi  if  ier- volt  met  e t for  the  record  or  t r-  i-  \cy 


■- 
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receiver  responses  [21].  The  principle,  used  in  this  eguipmt  n*  / ; «.'■ 
for  obtaining  logarithmic  amplitude  characteristic,  is  based  on  ’ 
use  o£  amplifier  tubes  with  the  exponential  torn  of  static 

characteristic  and  the  applicat  lon/use  of  automatic  gain  contr  >1 
(AGC)  . Approximately  m the  same  period  abroad,  appeared  [44],  i 
which  was  described  the  logarithmic  direct-current  amplifier  wit: 
dynamic  range  50  db.  Logarithmic  amplitude  cn ar acter ist ic  ir  * : 

amplifier  was  obtained  also  as  a result  cf  application/use  AGC. 

Page  4. 

In  postwar  period  in  the  Soviet  and  foreign  press,  appeared  a 

series  of  the  works  of  descriptive  and  theoretical  character, 
dedicated  to  the  analysis  of  logarithmic  amplifiers  (LAX).  In  : .in-  o: 
these  sources  [15],  [33]  are  erroneous  theoretical  proposition-  ii  : 
conclusion/derivations  relative  to  the  wcrk  cf  logarithmic  ampiiti-  t.  . 

In  this  book  the  author  sets  forth  the  possible  methods  of  obt  ii:  ;i,  4 
logarithmic  ampltudnoy  characteristic  in  the  amplifiers  of  any  typi,  I 

special  feature/peculiarity  cf  transient  processes  in  iogar it n« ic 

amplifiers  and  givas  practical  diagrams  and  examples  of  the  j 

calculation  of  logarithmic  ampliiiers. 

j 

The  material,  presented  in  the  book,  largely  is  original. 

The  author  expresses  the  sincere  appreciation  of  tno  or.  of  j 

tekhn,  sciences,  prof.  To  N.  F.  Vollerner  for  largo  by  aid,  ...  own  • 
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author  during  the  .1  e ve  iopmen  t ol  number  of  questions  concert;  m i 
log  ar  i t hm  ic  amplifiers,  and  for  his  valuable  councils  and  t h- 
observations,  made  during  the  review  of  the  took.  Simultaneous’..  - 
author  thanks  the  comrades  toi  the  consistent  scientific  worv: 

Cand.  of  tekhn,  sciences  of  A.  Jl.  Volkov,  eng.  V.  V.  Siiorenk  >, 

Khizhi  r.skogo,  ny  V.  f.  Anariyenko  and  I.  I.  Gusachenko,  tha*  t'-  . i; 

in  the  development  of  number  of  questions  and  the  settinq  or 
ex  per i me  nt. 


Observations  and  the  wishes  about  this  took  request  to  quid.  T : 
Kiev,  4,  Puskinskaya,  28,  the  State  Technical  Press  of  'JkrsSH  f 
Ukrainian 

A ut  hoi 

Paqe  5. 

Chapter  One 

LCO  ARI  THHIC  AMPLIFIERS. 

Logarithmic  amplifiers  (LAX)  widely  are  applied  at  presin*  i;  ♦ : 
different  fields  of  science  and  engineering,  beginning  from  l td  i:  i:  i 

terminating  with  the  biology.  In  each  concret e/specif ic/ac t u a 1 i 

the  logarithmic  amplifier  must  satisly  the  completely  definite 
requirements  and  have  appropriate  qualitative  indices.  Bet  or  i ; 
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to  the  examination  oi  tno  possible  fields  ot  application  of 
logarithmic  ampl  it  iers,  it  is  expedient  to  examine  their  iundar  • i 
qualitative  indices. 

§1.  Fundamental  jualitative  indices  of  logarithmic  amplifi  •; .... 


In  logarithmic  amplifier  occurs  the  logarithmic  depend-  re- 
between  the  output  ^>us  *#  and  the  input  ^ »<  as 

vcltag e/stresses. 

FOOTNOTE  1 . Foi  the  tar  yet/ pur  pose  of  simplification  in  the  wri* 
oL  mathematical  expressions,  index  m,  which  designates  the  c pli* 
of  stress,  is  lowered.  Therefore  for  selective  amplifiers  u r . 1 • r , 

is  necessary  to  understand  the  amplitude  ot  stress.  EN DFOO T";  ?T  . 

Consequently,  the  logarithmic  amplili'-'t  is  the  nonlinear  amplifi  : 
whose  a mpl  i t ica  t ion  factor  decreases  in  the  determined  law  duri:.  , .»  : 
increase  in  the  input  voltage. 

The  logarithmic  amplifier  is  c haracter l zed  ty  following 
fundamental  qualitative  indices: 

1)  input  U„x„  and  output  * «uj„  by  the  voltages  w i * ii  . 
begins  the  LAX  of  amplifier  (Pig.  1); 

2)  input  O',,**  and  output  U by  the  voltages,  with  which 


rmi  tes  th  f amplifi  r ; 
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J)  by  dynamic  range  on  the  input  voltage 


D - 0-1) 

c“n 


cl  in  relative  logat  lthmic  units  - decibel Is  and  the  nepers 

A*>  - 20  lg/7, 

A «</i)  = !n/7;  (1-2) 


a)  by  dynamic  range  on  the  output  voltage 

..  ^‘!UXk 

1 \uK  “ . I I -3) 


jt  in  decibel  Is  and  the  nepers 


x(««)l 
■'aux(/{l.n) 


20  !g  D„«, 


5)  by  the  conttdcticn  coefficient  of  the  airplified  str 


C = 


(1-4) 


6)  by  the  maximum  lactoL  of  amplification  K0  of  the  work  o: 
amplifier  in  linear  conditions,  i.e.,  during  the  fulfillment  o:  t;. 

inequa lit  y 

U -x  Ax  : 


7)  by  the  range  of  the  amplified  frequencies  from  FM,„  to 
Fvu<0  for  aperiodic  amplifiers  or  by  passnand  &K  and  by  resonate 

frequency  f0  for  selective  amplifiers  (determination  it  the  nr  - 
frequencies  of  the  f»'«  and  is  giver  xii  voir.  . ’ ]) 

in  linear  mode/cond itions; 

6)  by  the  accuracy  of  the  LAX  of  amplifier,  which  show,  t 


*-“****  


n / 
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maximum  relative  deflection  to  all  dianamiches  kcm  ranje  D of 
experimental  characteristic  cf  amplifier  (dashed  curve  in  Fie-  1)  m 
the  calculated  accurately  logarithmic  (unbroken  curve  in  Fig.  1) 


-here  l/,us> 

LAX;  f'ouxj, 
LAX  ; 


- the  progressive  output 
are  the  progressive  output 


(1-5) 

voltage  with 
voltage  w i*  h 


ex  per  imen  t.u  i 
calcu  ljr.v'i:  t v 


Page  7 . 


9)  by  the  stability  or  the  recurrence  cf  the  LAX,  which 

characterizes  the  possioility  of  the  series  production  oi  logari*  ir;c 
amplifiers  with  the  identical  parameters. 

Let  us  examine  the  amplitude  characteristic  of  amplifior, 
depicted  on  Fig.  1,  and  let  us  find  for  it  analytical  expression. 

From  practice  it  is  known  that  any  nonlinear  amplifier  with 
sufficiently  small  input  voltage  works  in  linear  conditions,  am. 
during  an  increase  in  the  input  voltage  it  passes  to  nonlinear 
operating  mode.  Let  us  assume  that,  the  nonlinear  amplifier  works  i: 
linear  conditions  and  uslivaet  signals  with  the  maximum  factor  of 
anplif  ication  K0  of  the  values  of  input  voltage  from  0 of  up  r.<< 

UM„-  The  amplitude  cnar  acter  ist  ic  of  amplifier  in  this  cast*  A . 

described  by  the  equation 

= A’oCn.x.  (1-6) 


| 


9 


In  this  case,  the  differential  factor  of  amplification  of  the  KAl„i , 
which  is  numerically  equal  to  the  ratio  infinitesimal  increment  in  the 
output  voltaje  to  infinitesimal  increment  in  the  input  volt  ^ : 

maximum  and  is  constant  value 

= 7(7  = A'o-  (1-7) 


At  the  values  of  input  voltage  from  y to  y t . 

amplifier  worics  in  the  logarithmic  mode/conditions  by  which  the 
differential  amplification  factor  - value  variable,  is  equal  to 


AL 

,IUUX 


where  to  h - proportionality  factor. 


As  a result  of  integration  of  expression  (1-8)  we  obtair  *i 
mathematica 1 equation  of  the  logarithmic  dependence  of  output  v ii*  i n 
from  the  input 


('dua  ~ M In  U -j-  C. 


(1-9) 


Page  8. 

In  order  that  the  amplitude  cb aracter istic  cf  amplifier  would  no* 
have  sharp  fractures  and  would  have  smooth  transition,  at  any 
transition  point  of  it  of  two  adjacent,  sections,  must  be  fulfilled  t:.. 
following  conditions: 


r 
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1)  the  equality  ot  f irst-oi  der  derivatives  cr , that  the  same,  t. 
equality  of  the  differential  factors  of  amplification  infinir  -.inal 
adjacent  sections: 


2)  the  equality  of  the  ordinates  of  adjacent  sections. 

For  the  determination  ot  integration  constant  C in  uravr.ii  (I-;) 
we  utilize  these  conditions  for  the  transition  point  ot  anplitul 
characteristic  from  linear  section  to  logarithmic.  On  the  basis  of 
the  first  condition,  with  approach  to  transition  point  from  the  si  i 
of  the  linear  section  of  characteristic  we  have 


70 ... 


(MO) 


with  approach  from  another  side  tor  this  point  it  is  fulfill*  1 ti 
equality 


J7-;  (Ml) 


On  the  basis  of  the  second  condition,  respectively  we  hav  : 


^Aiuxh  — 

+B. 


(1-12) 

(M3) 


From  expressions  (1-10)  - (1-13)  we  find: 

A!  « Um„Ko- 
ft  - - fco  (1  — 

After  substituting  values  ot  H and  B into  equation  (L-9),  w. 


1 1 


obtain  the  resultant  analytical  expression  of  the  amplitude 
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’I 

» 


chacac  tec  istic  of  amplifier  in  work  in  the  logarithmic  mol  a/c  on  i 1 1 i on 


UBUX  = (\n"~  + 0 -| 

\ '“*»  y 


(1-14) 


Page  9. 


In  the  case  of 
a up li f ica  t ion 


n-cascade  amplifier  the  maximum  factor  of 


A'0 « Ap 


(1-15) 


where  n is  a number  of  cascade/stages ; Kt  - the  maximum  factor  oi 
amplification  of  one  cascade/stage  of  work  in  linear  conditions. 


Equation  (1-14)  is  correct  during  tne  logarithmic  operati  c i • 
input  voltage  according  to  the  law  of  natural  logaritnm  with 
foundation  N = e = 2.72.  In  order  that  equation  (I-  14)  would  no 
correct  for  any  base  of  logarithm,  it  is  necessary  to  intro iuc- 
conversion  factor 

“ ~ hT77'  (1-16) 

The  coefficient  a characterizes  sic pe/ i rc 1 i na t ion  the  LAX  of 
amplifier  and  determines  the  differential  amplification  factoi  of  i». 
work  in  logarithmic  mode/conditions. 

Taking  into  account  coefficient  of  a,  the  expression  (1-14)  • 

the  fern 


— - 
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d-17) 


At  rated  value  of  the  dynamic  range  D of  amplifier  acooiiii  , * 
formula  (1-17)  it  is  possible  to  opedelit'  a series  of  gualitativ. 
indicts.  Specifically,  the  dynamic  range  of  amplifier  in  the  output 


voltage 


f'HUX  


^„„(alnO-H) 


= a In  D 


1 (1-18) 


and  contraction  coefficient 

r n o 

“ “ 1"  > ' 


(MO) 


From  expression  (1-18)  it  is  evident  that  at  rated  valu-  or  t • 

dynamic  range  D in  input  voltage  the  coefficient  a uniquely  det  .-i  wi  i.<  .. 
the  dynamic  range  of  amplifier  according  to  output  voltage.  Am:  vic- 
versa,  coefficient  a can  be  cpedelen  in  terms  of  known  values  of  1 


D 


UUX 


In  D 


d-20) 


During  the  introduction  of  relative  voltages,  the  recoru  of  * . 
aplitudnoy  characteristic  of  amplifier  (1-17)  becomes  more 
ccm mon/gene ra 1/tota 1 and  simpler 

Z = a In  X -(-  1,  (1-2!) 

where  ‘ - relative  input  voltage;  ■/ .....  1 are  relativ  air  .• 

1 ►»«  f,a.4*„ 


vcl tage. 


C1-19-77 
Page  1C. 


a 1.44 


Fig.  2.  Given  amplitude  characteristics  of  Multistage  logarithmic 

amplifier  on  semiloganthmic  scale. 
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The  amplitude  characteristic  of  amplifier  Z = f (X),  expr 

relative  voltages,  let  us  agree  to  call  the  giver  araplitule 
characteristic.  Figure  2 on  pol  ulogar  i m ichesXon,  seal*-*  depicts 
given  LAX  of  amplifier  for  the  different  values  cf  coefficient 
Dynamic  range  on  input  voltage  is  accepted  ty  D = 1b^. 

It  should  be  noted  that  the  LAX  of  amplifier  on  the 
semilogarithmic  scale  when  along  the  axis  of  abscissas  is  tuXrri 
logarithmic  scale,  and  along  the  axis  cf  ordinates  - linear,  it 
the  form  of  straight  line.  The  characteristics,  given  in  Fig. 
designed  according  to  formula  (1-21). 


01-19-77 
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Eage  11. 

§2.  Application/use  ot  logarithmic  amplifiers  in  the  receiver;;  of 
radar  stat icns  1 . ( 

FOOTNOTE  1 . Paragraph  is  written  on  the  basis  cf  the  sources  >r 
foreign  literature  [ 33],  [ 35].  tNDFGCTNCTfc. 

The  saturation  of  the  output  stages  of  receiver  under  the 
influence  on  its  input,  ot  considerable  in  value  signals  and 
interferences  is  one  ot  the  limiting  factors  in  radar 
equ lpment/devices  of  different  aesi gna t icn/ p ur pcse . For  search  u 
by  the  reason  tor  the  overloading  ol  pnyenika,  are  the  interior.  i 
which  are  the  reflections  of  signals  frcit  mountains,  forests,  s i 
surface  and  cloudbursts.  If  interferences  have  an  amplitude,  )!•. 
than  signal  amplitude,  reflected  from  object,  then  to  revaa  l/>U*ec 
without  the  a pplica tion/use  ot  special  methods  of  the  isolation  u 
signals  out  of  interferences  difficultly  or  is  generally  impossil] 
In  many  instances  of  interference,  they  have  an  amplitude  1 ess.  t • 


i ' 


; a i 


* 


J 
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the  signal  amplitude,  but  the  latter  is  lost  as  a result  ot  tin 
saturation  ot  receiver  cr  indicator  by  interferences. 

With  low  input  signals  the  characteristic  ct  radar  tsceiv.*:  i : 
subordinated  to  quadratic  or  linear  law.  In  this  case,  the  rec.  j v- 
completely  is  impregnated  by  the  signals  whose  value  reaches  th 
of  several  volts  on  the  control  electrode  of  the  last/latter  *u.  -> 

it  amplifier  (Upch)  . For  radars  ot  the  long-range  detection  w.'.ici 
utilize  an  ultimate  sensitivity  of  receiver,  this  correspond,  to 
signals,  approximately  d0-30  times  exceeding  the  ^tfectivo  va 1 r 
the  voltage  of  inherent  noise.  The  indicator  cf  priy^nika  ii 
impregnated  by  men'shmi  by  the  signals,  which  reach  the  approx:  ;i  c 
twenty-fold  value  of  effective  noise  voltage,  it  inuicator  wit., 
amplitude  indication,  and  dual  value,  it  indicator  with  bright!. -s:- 
indication.  It  is  necessary  that  rada r stations  be  equipped  by  * 
systems  which  regulate  the  a mpl  ificat  ion  of  receiver,  they  ; : •>  v. 
from  saturation  and  instantly  they  weac/opecate . 

The  receiver  with  logarithmic  amplitude  characteristic  provid 
ncmentary  effect,  it  does  not  lose  sensitivity  after  the  receptm 
powerful  signals  and  has  the  inherent  noise  at  cutput/yieli , whir: 
ins  lg  n if  ica  ntl  y exceed  the  noises  of  usual  radar  receiver.  If  on. in 
in  the  disturbing  voltage  have  a character  ot  changes  in  the  noi..< 
voltage  of  receiver  (interference,  modulated  by  noises,  pas.iv 
jamming  and  interferences,  reflected  frcm  heterogeneities),  t h<-  i t 
voltage  of  the  interfering  signals  can  be  presssed  to  the  noise  1<  v 
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of  receiver  independent  of  the  intensity  of  tne  interfering  signals. 
These  properties  make  logar  lthmic  receiver  nth  very  valuabl  * 
aqu ipme rt/de vice  in  search  radars  and  the  automatic  tracking  or 
object. 


It  is  known  that  the  output  potential  of  receiver  in  the  a <-  i c . 

ct  signal  not  is  equal  to  zero,  tut  it  oscillates  irregularly  about 
zero.  On  scope,  these  oscillation/vibrations  create  the  typical  i.o:  •• 
pattern,  caused  by  the  tube  noises  and  network  elements  (the  m!  - in.* 
noise  of  receiver).  Per  cycle  of  the  running  through  of  ra  y/b  j or. 
screen,  which  corresponds  to  range  scanning,  the  inherent  noise  ct 


receiver  are  characterized  approximately  by  the  constant  value  or 
r cot- mean-squa re  amplitude  a. 
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Fig.  3.  Amplitude  distribution  according  to  the  law  of  Rayl-ijn. 


A 
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In  this  case,  the  distribution  envelope  cf  amplitudes  on>-ys  ’ 
Bayleigh  (Fig.  J) 


/'(■>) 


i dx  ji.vi 


0-22) 


where  x is  an  instantaneous  value  of  amplitude;  F (x)  - probaoi i i*  . 

density  or  the  one- dime nsional  differential  distribution  function 
envelope  of  the  amplitudes  of  the  noise  voltage  of  receiver. 

The  signals,  reflected  from  heterogeneities,  create  on  t n- 
output/yield  of  receiver  the  voltage,  similar  in  form  to  the  vol*,.  , 
of  the  inherent  noise  of  receiver. 

During  the  fulfillment  or  the  equality 


where  r = 1/AF  - time  of  the  correlation  of  receiver;  AF  - fn- 
passband  of  receiver;  („  - the  pulse  duration  of  signal,  the  , , 

difference  between  the  inherent  noise  of  receiver  and  the  signal-  , 
reflected  from  heterogeneities,  it  entails  a decrease  in  the  i t • • : ::j 

cf  the  latter  in  proportion  to  the  increase  in  the  range. 

Consequently,  a interferences  - value  is  variable. 

It  is  necessary  to  note  that  the  law*  of  the  distribution  :iv-  i 
cf  the  amplitudes  of  the  inter terences,  reflected  from 

het  er  oqenei  t ies,  the  nearer  to  Rayleigh  law,  the  greater  the  iuiati  i. 
cf  sounding  pulse  and  the  wider  the  radiation  pattern  of  the  at.*’,  t.n 


of  radar  stats li. 
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Let  us  examine  the  properties  ot  logarithmic  receiver.  T.i- 
com  aun  icat  ion/connec  t ic  n between  the  output.  // 1=  U,.ux  in  d t h>-  1 
x - Un,  by  the  voltages  in  logarithmic  receiver  according  to 

formula  (1-17)  it  is  possible  to  record  in  the  following  £ol;i: 

,y=Z?1n.S.«,  (1-23) 

where  (V  . aKJU„H  d,ld  1 drf?  wnst  l r 

amplit ier. 

During  the  determination  of  the  properties  of  logarithmic 
receiver,  let  us  assume  that  the  inherent  noise  cf  receiver  and 
signals,  reflected  from  heterogeneities,  obey  the  law  ot  Rayle.i  jn 
distribution. 

Eage  13. 

For  the  solution  to  stated  problem  expediently  to  introduce  the  w 

variable  t / J 

u = npH  u > 0.  (1-2-1) 

Then  the  law  of  distribution  (1-/2)  can  be  presented  in  the  torn 

( i ) 

P (it)  du  — e '‘du  npn  u > 0.  (1-25) 

with  / / ) 

The  equation  (1-23)  , recorded  in  the  form 

y = 4 In  (S2.c), 

after  the  substitution  of  value  x of  uravneiya  (1-24)  assumes  ^ ; 

ij  = A [In  (S5aJ)  -[•  Inn]. 
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It  the  input  of  receiver  affects  random  signal  (interf eten  ) 
with  amplitude  distribution  F (u)  du,  then  the  probability 
distribution  of  the  output  signal  P (y)  dy  has  the  following 
pa  r a me  ter  s. 

Average  value  of  interference  at  the  output/yield  of  tn~  : > « iv  _ 

m {y)  = { [In  (.S-’j2)  4-  In  «]  P (u)  du  — 

0 

•r.  A | In  {S- 3-)  -4-  1 (In  u)  P («)  du) , 

I) 

S 

since  \P(u)du~\  regarding  probability. 

0 

The  RMS  value  of  interference  at  the  output/yieli  of  the  re 

m (if)  — \ A [in  (S2c-)  -i-  In  m]*  P (a)  du  = 

U 

--  A {[In  (S-32)]-  2 In  (SV)  ] (In u)  P (u)  du  + 

0 

+ \ (In  u)‘‘P  ( u ) du) . ^ 

0 

Fage  1 4. 

Dispersion  of  interference  at  the  output/yield  of  the  r-c<  ivi- ; 

/W  f/y ) in  (;/*)  — |/n  (y)]J  — 


V ! ’>  (I" ' )■/’  (••)</-  -|j  (In  «)/»(«)  dt/H.  (1-2G) 
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rA-H  g^~ 

Substituting  in  ex^iession  (I-2b)  the  law  of  distribution  (8.25),  -• 

have 

'!(!')  ■ ] \ (liu.'t'V  ‘du  — f ( (\nu)e  (1-27) 

• il 

The  entering  the  equation  (1—27)  integrals  can  te  found  in  the  trti,  1- 
of  laplasovykh  converters.  Final  solution  to  equation  (1-27) 

-■'(//)  , O'28) 

Work  [35]  shows  that  the  dispersion  of  interference  at  ths 
output/yield  of  tne  real  logarithmic  receiver 

{'4'  -A).  ■ (1-29) 

where  A ■ ■ A InSV  - gjsjij  is  correction  fact  >r ; 

•y  ^ 0.577  ~ is  Euler's  constant. 


If  receiver  has  the  logarithmic  characteristic,  which  begin:  fio..: 

level  on  20  dB  lower  than  RMS  value  of  inherent  noise,  it  is  nos. if  3 
to  accept  So  = 10.  The  correction  factor  in  this  case  is  eguai  r o 
0.1.  Noise  signals,  reflected  from  heterogeneities,  can  exceed  th 
RMS  value  of  their  own  shraov  of  receiver  to  Bo  dE.  In  this  cas  v . in. 
o2  = 108  and  correction  factor  A considerably  decrease.  consequent]/, 
during  a change  in  the  interference  level,  reflected  from 

heterogeneities,  in  the  range  100  dB  the  value  cf  A I (id  is 
virtually  constant  and  is  determined  by  expression  (1-28). 


deviation  of  interference  from  the  average  value  at  the  output/yi 


of  receiver  is  the  constant  value,  which  does  net  append  on 


value  of  input  signal 


r 
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Fig.  4.  Output  potential  of  the  logarithmic  receiver:  a)  without 

d i£  ter  entiating  circuit;  b)  with  the  differentiating  circuit. 

Key:  (1).  Inte rnal ly- produced  noise. 
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In  this  cast*,  the  RMS  value  of  the  fluctuations  of  the  inter 
the  output/yield  of  the  receiver 


Rr.  nl< o ua,  a 


- 1 .1/(71.  -= 

2/e  vyii  ‘ 


2^ 


From  this  expression  it  is  evident  that  the  value  of  the  amflitu,: 
interference  at  the  output/yield  of  logarithmic  receiver  lepfrils 
the  maximum  factor  of  amplification  of  receiver  K0,  on  the  str^ 

level  of  the  L/UXlII  with  which  begins  the  LAX  cf  receiver,  an) 
coefficient  a.  Let  us  design  the  amplitude  cf  interrerence  at  * ,• 
output/yield  of  the  logarithmic  receiver,  which  has  parameters  K0 
1 C 6 1 U„.  =2  - IO”"/c  a=-l.  The  RMS  value  of  inter tetenc* 

"'ll 

according  to  the  formula  (I- JO)  is  equal  of  3„(JM=1,27  in.  Vi-; 

Cl  0,1 3*1  — JnoM  : : 0,  "5  , in. 


Figure  4a  shows  the  picture  of  stress  directly  on  tne 
cutput/yield  of  logarithmic  receiver-  The  average  value  of  outpn*- 
signal  decreases  in  proportion  to  the  increase  in  the  range,  but  ’ 
value  cf  fluctuations  about  the  average  value  remains  constant. 

If  we  to  the  output/yield  of  E loga r if m iches kogo  recei v r if* 
detector  include/connect  the  high-pass  filter  (differentiating 
circuit),  which  does  not  pass  the  constant  component  of  signal,  i* 

output/yield  of  filter  will  appear  the  voltage,  analogous  to  t,. 
vcltage  of  the  inherent  noise  of  receiver  (Fig.  4t) . 

Consequently,  loqarithmic  receiver  with  the  differentia*,  ii  , 
circuit  at  output/yield  can  lower  the  BPS  value  cf  interferons, 


i 
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■ekhtnykh  heteroyenpities  to  the  RMS  value  ot  inter nal ly -pr c :uc 
ncise  ct  receiver. 
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Fig.  5.  The  approximate  form  envelope  cf  voltage  on  the  scoj  t ct 
type  "A  a)  is  a linear  receiver;  b)  logarithmic  receiver;  c) 

logarithmic  receiver  with  the  differentiating  circuit. 

Key:  (1).  signal  illegible.  (2).  signal  from  object. 
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For  this,  it  is  necessary  that  its  logarithmic  amplitude 
characteristic  would  begin  at  the  level  approximately  on  20  :b  ' 
but  it  concluded  at  the  level  bO  dB  higher  Mian  FMS  value  oi  tli*» 
inherent  noise  ot  receiver  (which  corresponds  approximately 
lcwer  and  uppers  bound  ot  the  fluctuations  of  the  interference:., 
reflected  from  heterogeneities). 

The  advantages  or  the  1 oga t ith raic  receiver  before  the  linear  a r ■ 
visually  visible  from  Fig.  5,  on  which  is  depicted  envelope  vol 
cn  an  indicator  of  the  type  "A  "(indicator  with  the  beam  deflection) 
for  different  receivers  with  the  reception  of  four  signals  (reflect-  i 
trom  object)  and  in  the  presence  of  interferences  from 
heterogeneities.  Interferences  from  heterogeneities,  which  arc 
located  on  close  distance  from  Ladar,  impregnate  linear  receiver, 
signal  from  close  object  it  is  lost  (Fig.  5a).  Viith  an  increas.  in 
the  distance  of  heterogeneities,  the  average  amplitude  oi  int«i  :«  r ■ i.  ■ 
decreases,  and  in  this  case  ate  visible  signals  trom  object. 

The  logarithmic  receiver  with  ot  any  interference  is  not 
impregnated,  but  fluctuations  have  constant  amplitude  indepen  1 •* 
the  average  value  of  the  amplitude  ot  interference  (Fig.  5b).  ]•  * ■ i 

case  are  visible  everything  four  signal  from  object-  During  the 
department/separation  of  the  average  value  ot  the  amplitude  of 
interference  with  the  aid  of  the  differentiating  circuit,  th<- 
observability  of  the  signals,  reflected  from  object,  in  logarithmic: 
receiver  sharply  is  improved  (Fig-  5c). 


A 
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In  the  superheterodyne  receivers  of  radar  stations  LAX  : i.* 
expedient  to  obtain  in  UPCh,  tor  which  it  is  possible  to  utilu 
of  the  methods,  examined  in  chapter  II. 


6 


pe  " fc  "ot  the  radai  ttation:  a)  lineal 

teceivei  with  the  d if  f e tent  iat  i nq  cucmt. 


W"  11  - 1,1 
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In  receiver  rn  logarithmic  amplitude  characteristic,  t. h-  i ; . 

time  in  the  signal  depends  on  the  value  ct  received  signal  ai.  i L ;■  • 

distance.  It  cannot  oe  completely  taker  intc  account  during 
calibration  and  adjustment  of  station,  and  because  of  this  a : : 

additionally  faults  of  measurement  of  the  ranges,  caused  by  i-tv 
instability  of  the  delay  time  of  the  signal  in  pnyenike,  « ha",  i.  i. 
essential  def lcienc y/ la c k in  the  logarithmic  receiver.  Therefor-  ; 
receivers  the  radars  of  the  precision  determination  of  coordinut,  , 1 - 

is  necessary  to  apply  logarithmic  UPCh  vitn  the  stable  delay  ti 
the  signal. 

The  rollowing  del  icienc  y/1  ack  in  the  logarithmic  receive!  >. 
deterioration  in  the  relation  the  signal/ncise  at  output/yiel  i , 1:  L\> 

begins  from  the  level  lover  than  inherent  noise  cf  receiver. 
Furthermore,  supple  merit  ary  decrease  signal-tc- noise  ratio  occur:  i, , - 

the  connec  tion/i  ncl  u aon  of  the  differentiating  circuit.  H :1  it  1 c 
signal/noise  at  the  output/yield  of  logarithmic  receiver  can  r. 
improved  and  even  restore/reduced  to  the  value  of  this  relation  it  * 
output/yield  of  linear  receiver,  by  applying  video  amplitiet  wit) 
exponential  amplitude  character istic. 

Figure  6 shows  the  scopes  of  the  type  "f  "of  ralaL 
metric  range,  which  has  linear  and  logarithmic  receiver 
differentiating  circuit. 


st  a t i or  c f 
wit!  1 1 l ■ ■ 
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The  maximum  distance  along  the  axis  of  abscissas  is  egual  to  SJ 
From  figure  are  clearly  visitle  the  advartaqes  c£  the  appl  ica  ta  oi  / 
cf  a logarithmic  receiver. 

On  the  basis  of  those  having  in  the  literature  [33,  35]  ol  - i. 

data  on  the  use  of  logarithmic  receivers  it  is  pcssiole  to  max-  ti 
following  conclusions. 

1.  Receiver  with  the  logarithmic  amplitude  characteristic,  <• 
begins  on  20  dB  lower  than  RMS  value  of  i n te  t na  1 ly- prod  uc«d  :iol  ..  , 
with  the  differentiating  circuit  at  output/yield  can  lower 
interference  level,  reflected  from  heterogeneities  (rain,  sea  surr 
forest  etc.),  almost  to  the  level  of  internally-produced  no  i »■'. 

2.  The  weakening  of  rain  clutter  proceeds  tetter  than  ft  or.  . 
surface,  as  a result  of  the  correlation  cf  the  signals,  reflect, 
the  marine  to  poverkhnoti,  from  one  scannin g/s weep  to  the  next. 

3.  The  weakening  of  interferences  from  heterogeneities  i 
obtained  more  effectively  cf  radars  with  the  worse  resolution. 

4.  According  to  the  special  exponential  character i st l c o;  v; 

amplifier  it  is  possible  to  restore/reduce  relation  signal/noi..  *■ 
the  value,  which  corresponds  to  linear  receiver. 

5.  The  deviation  of  experimental  amplitude  receiver  respon.-- 
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tioir  calculated  lojatithmic  is  admissible  to  15-20o/o. 

§3.  the  a pplioation/use  ot  logarithmic  amplifiers  in  the  orient  .i 
systems  and  the  systems  of  automatic  homing/se 1 f -induct  ion  1 . 

FOOTNOTE  1 . Paragraph  is  written  based  on  materials  of  foreign 
literature.  ENUFOOTNOTE- 

Applyiny  logar if niches l ye  amplifiers  it  is  possible  * o ; -r : i: 

the  orienting  systems  and  the  systems  of  automatic 

hom l ng/se If -i nd uc t ro n with  the  monopulse  determination  of  dire; 
for  the  objective. 

Monopulse  determination  is  one  of  direction  with  the  receitro:  >: 

cne  aiomentum/impulse/pulse  cf  the  signal,  emitted  ny  object.  i r.c 
the  receptors  of  the  orienting  system  and  homing  system  are  ana  loo  . , 

subseg uent ly  we  will  examine  the  only  orienting  systems. 
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Faqe  1*7* 


F19-  7.  The  blocs  diagram  ol  the  diplex  ocientinq  system: 
ace  antennas  ot  the  1st  and  2nd  teceivinj  ciccuits;  b,  and  D 
detect ccs  U,  and  U2  ace  loqac it h mic  video  a mpl i i decs ; IU  [ 
inteqcatinq  acce lecomete c ] - display  unit. 
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The  system  ot  monopulse  bearing  is  obtained  simply  it  w 
fundamental  amplifier  circuits  apply  logarithmic  video  a ;n  p 1 if 
The  orienting  system  can  be  both  diplex  and  single-channel. 


i . . 


Foi  an  increase  in  the  sensitivity  c£  the  orienting  sy-.’ 
instead  of  the  detector,  can  be  applied  the  superheterodyne  : 
with  logarithmic  UPCh. 

Let  us  examine  the  diplex  system  whose  block  diagram  is  . lie* 
on  Fig.  7.  Emitted  by  object  signal  is  received  as  antennas  A,  ! 

and  at  their  output/yield  {at  the  inputs  ot  receivers)  are  indue  ■-  • 1 

following  stresses: 

at  the  input  of  the  tirst  receiver 

L','x  --  i'J'  (0)»(d); 

at  the  input  of  the  second  receiver 

- UJ"  (0)  o (rl), 

where  /'  (fd  and  /"  dd  - the  functions,  which  d>t-: 

the  dependence  of  the  stress  level  of  signal  trem  direction  for  t 
objective.  The  character  of  these  functions  opedelyaetsya  Lv 
ct  the  diagram  of  directional  radiation  and  the  relative  locati 
the  space  of  antennas  A,  and  A?;  0 (d)  - the  function,  which 
determines  the  dependence  of  the  stress  level  ot  signal  from 
distance  to. 


In  order  to  obtain  the  sing  le-  valued  information  about  dir.  ■'  s i 
for  the  objective,  it  is  necessary  to  remove  the  dependence  of 
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information  from  distdnce  to  it-  For  this,  it  is  necessary  * h • ri 
of  U’x  to  divide  by  L‘[  In  the  case  cf  applying  logaritumic 

amplifiers,  the  division  of  the  stresses  of  ;/;x  and  car.  / 

replaced  by  subtraction  by  the  output  of  these  amplifiers.  Let  u. 
demonstrate  this. 

Page  2 C. 


Output  potential  of  amplifier  Y,  accordingly  (1-17) 


I ■ KJJu,  ' « Id;  ~ 


Output  potential  of  amplifier  Y2 


LTu**  \a  lnr.7  " 1 '' 


i**ii  / 


By  deducting  the  stress  of  from  U'BUX,  we  will  obta: 


w he  re 


i-  is u x — U„ux  - Ay*  is x , n In  , 
M'.'. 


0-31) 


/I  AV'  I.Xy-1- 


Expression  (1-31)  - this  is  the  unique  dependence  of  a voltaq- 
difference  on  the  output  of  logarithmic  amplifiers  from  direction  :.r 
the  oriented  objective.  The  suf  traction  of  the  stresses  of  L n 
and  can  be  realized  with  the  aid  of  the  cathode-ray  tube  Ly 

means  of  the  supply  of  these  stresses  on  the  opposite  deflector 
plates.  The  deflection  of  the  ray/beam  cf  cathcde-ray  tube  from 
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center  of  the  screen  y (Fig.  7)  and  is  the  i nf  or  ir.at  ion  about  dir-ct 
ter  the  oriented  objective. 

Any  deflection  of  the  real  amplitude  characteristics  of 
amplifiers  from  accurately  logarithmic  leads  to  the  error  in  the 
opedelenii  of  direction- 


By  utilizing  an  expression  (1-17),  it  is  possible  to  demonstra 
that  with  the  assigned  doputimoy  relative  error  cf  , ; A/"  in 

m 

W 

determination  of  the  relation  of  "l  - jj','  the  value  of  the 
permissible  absolute  deflection  of  the  objective  parameter  of 
amplifier  from  accurately  logarithmic  at  any  point  of  it  is  equal 


F a g e 2 1. 


. 0,7  / Ini!  }■  !■). 


In  this  case,  the  maximum  permissible  the  relative  deflection 
the  real  amplitude  characteristic  of  the  amplifier 


A 


Si'. 


0.7,.'  In  (I  P ■ 1 

, , i 

“ h U~~  ■*' 


(1-33) 


For  beginning  a rd  end/lead  of  the  logarithmic  range  of  ampin  n 
the  expressions  A are  different  and  respectively  equal  to: 

A„  , 0,7  </  In  (1  -J-5); 

\ (i.7n  'n 

iik  — 7 in  if+  f ’ 

where  D is  a logarithmic  range  of  amplifier. 


(1-34) 

(1-35) 


C1-19-77 


F*  A ■ . 


At  values  'j  : 0,ur>  (or  l - 5o/o)  these  expressions  can 

recorded  with  a sufficient  stapen'yu  of  the  accuracy: 


A 


</ln 


0,7 u H_ 
~U. . 


0,7 


A* 


0,7  5 

i/  1 1 1 1)  - • 1 ' 


(I-33a) 

(I -34  a) 
(I-35a) 


On  the  basis  of  expressions  (1-  3 3),  (1-  34  ) and  ( I — J 5 ) it  i:- 

possible  to  maxe  the  following  conclusions. 


1.  The  value  of  the  permissible  atsolute  deflection  of 
experimental  amplitude  character  ist  ic  from  calculated  lojarithiii 
the  assigned  error,  caused  by  the  logarithmic  amplifier,  the  gi, 
the  greater  the  maximum  amplification  factor  and  ttio  input  volt  i 
with  which  begins  the  LAX;  this  value  does  not  depend  on 
relaticnship/ratio  value  of  the  compared  input  vclta po  and  con.’ 
in  all  loga r it hm ic  range  of  amplifier. 


2.  The  permissible  relative  deflection  of  the  amplitude 

characteristic  of  amplifier  from  calculated  logarithmic  - valu*- 
variatle  decreases  with  an  increase  in  the  level  of  the  com  par'-: 
stresses.  For  example  if  amplifier  has  logarithmic  amplitud 
characteristic  in  the  range  80  db,  then  the  value  of  the  maximu. 
permissible  of  the  relative  deflection  cf  the  experimental 
characteristic  of  amplifier  at  a = 1 and  6 = 5o/o  in  the  boginni 
logarithmic  range  is  eyual  A,  tut  at  the  end  of  the  rat 


c u 

■ i ' • 

■V‘ 
a r r 
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Consequently,  at  the  end  of  the  logarithmic  K-fcand  the  amplitude 
characteristic  of  amplifier  it  is  necessary  to  present  more  stringer* 
requirements  in  the  relation  to  the  accuracy  of  obtaining  the 
logarithmic  law  of  amplification,  than  in  the  beginning  range. 

Everything  stated  above  is  correct  for  the  case  of  the 
single-channel  orienting  system. 

Thus,  the  logarithmic  amplifiers,  used  in  the  orienting  system... 
and  the  systems  of  automatic  homing/sel f-induct ion,  must  at  the  . i ’ 
the  logarithmic  s-band  high  accuracy  reproduce  the  logarithmic  lav.  r 

the  amplification  of  signals.  This  accuracy  increases  with  an 
increase  in  the  dynamic  range  of  the  LAX  of  amplifier. 

§4.  Application/use  of  logarithmic  amplifiers  in  metrology. 

In  the  practice  of  measurements,  very  frequently  it  is  t ec:  . . . y 

to  measure  the  different  values,  which  are  changed  in  wide  dynamic 
range.  In  a number  of  cases  of  measurement,  they  must  be  count-  . at  i 
in  logarithmic  relative  units  - decibells  or  nepers. 

It  is  Known  that  the  human  perception  tinder  the  effect  ol  s: :sr, 
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light  and  painful  factors  with  a sufficient  degree  of  accuracy  ol 
the  law  of  logarithm.  Therefore  the  instruments,  used  luring  * : 
investigation  of  the  behavior  of  living  organism  under  the  etf-  :* 
these  factors,  must  have  scales,  calibrated  completely  in  does  1J.  . 
It  should  be  noted  that,  the  cybernetic  equipment/devices,  which 
simulate  living  organism,  unavoidably  must  contain  in  their 
composition  logarithmic  amplifiers. 

It  is  possible  to  give  another  a series  of  the  examples,  w * 
illustrate  the  manifestation  of  logarithmic  law.  Thus,  tor  in.  • k.  , 
logarithmic  dependence  exists  between  the  intensity  of  the  glow 
cathode-ray  tube  and  the  value  of  the  affecting  electronic  flux; 
between  the  reaction  (darkening)  of  photcgrapnic  paper  ana  th 
luminous  flux,  which  affects  the  paper,  etc. 


By  applying  logarithmic  amplifiers  in  measuring  meters,  it  i. 


possible  to  considerably  expand  their  measurement  ranges  without 

switching  the  scales  and  to  obtain  evenly  uivided  scales  directly  i>. 
decibells.  The  instruments  with  the  bread  band  ci  measurements 
without  switching  the  scale  in  many  instances  aie  n replaceab  1‘-. 
such  instruments  can  be  attributed; 

a)  the  meters  of  the  diagram  of  the  directional  radiation  ot 
antenna.  The  dynamic  range  of  measurement  must  te  not  less  * ha  r 
100-120  dB; 

b)  instruments  for  the  measurement,  cf  luminous  radiation. 

Dynamic  range  must  be  not  less  than  1f>0-  180  en.  Rate  meters  of 
X-radiaticn  and  emission/radiat  ions  of  atomic  radiation.  Th<  iyi.ruc 
range  cf  measurements  must  be  order  160  dE; 

c)  the  high-speed  monitors  of  the  pressure  cf  sound  vihi.it  i . 
Dynamic  range  ot  measurements  to  60  dB,  operating  speed  - less  * ha  t 
C.02  s. 

In  the  instruments  enumerated  above  it  is  most  expedient  to  as  ly 
logarithmic  di rect- cur rent  amplifiers  and  speech  amplifiers; 

d)  atomic  pulse  counters;  counters  a-,  p-  y-r  ad  iat  ioiis  . Dytisn; 
range  of  measurements  to  1b0  dB.  It  is  expedient  to  apply  lopn*.,-;- 


video  amplifiers; 
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e)  balance  alternating-currents  bridge  with  the  increa.. 


sensit i vit  y . 


U prosh chena ya  diagram  of  this  bridge  with  the  automatic  cej • : i 

of  zero  of  izobrzhena  in  Fig-  8. 


By  applying  logarithmic  amplifier,  possible:  to  obtain  t, . ■ 
accuracy  of  automatic  control  in  the  field  or  zero;  to  ensure  t h 
of  diagram  and  the  possibility  of  the  visual  determination  ot  t.h 
of  the  detuning  ot  system  during  the  large  imbalances  ot  brn  p. 
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The  logarithmic  amplifiers,  used  in  balance  bridges,  must-  > iv. 
high  entry  impedance  (hundred  kilohm)  and  sufficiently  large  tuctu. 
amplif ication  (105-  10*)  . 


In  conclusion  one  should  say  about  the  advisability  ot  apply:: 
passive  loga rif michesik h circuits  in  overload  ammeters,  and  al  - 
the  voltmeters,  intended  for  the  synchronize ti cr  of  two 
a It  er  nat.  ing -c  ur  ren  t systems  upon  connect  ion/ inc  1 us  ion  to  multi;  i. 
operation.  Such  voltmeters  must  according  to  the  lower  limit  or  • 
scale  measure  with  the  high  accuracy  of  cne  cf  vclt,  and  accor  i : \ 1 
the  upper  limit  of  the  scale  - rough  to  measure  the  stress,  whir: 
exceeds  2-3  times  the  nominal  value  of  system. 
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Chapter  Two 

S 

METHODS  OF  OBTAINING  LOGARITHMIC  AMPLITUDE  CHARACTERISTIC  IN 
AMFL1F  IERS. 


There  are  sufficiently  many  circuit  solutions  of  obtaining  I A/ 
both  in  selective  and  in  aperiodic  amplifiers.  however,  as  the  ha:  is 
cf  all  circuit  solutions,  is  placed  the  method  cf  a change  in  th- 
amplification  factor  and  the  method  of  the  consecutive  addition  of 
stresses  from  the  output/yields  of  amplifier  stages. 

§1.  Method  of  a change  in  the  amplification  factor. 

To  change  the  factor  of  amplification  of  cascade/stage  during  a;, 
increase  in  the  signal  is  possible  either  automatic  regu lir ova k cy 
amplif  ication  (AGC)  , or  by  the  inclusion  into  the  diagram  of  noi.li:. 
cell/elements.  Logarithmic  amplitude  characteristic  in  wide  lyri.'it- 
range  80-  100  db  can  be  obtained  in  the  amplifier,  which  con- rs*  . ■* 

cf  nonlinear  cascade/stages.  In  this  case,  are  possible  the  following 
operating  modes  of  nonlinear  cascade/stages  in  amplifier,  whicn  u: 
the  total  LAX: 

a)  the  strictly  successive  work  of  nonlinear  cascade/s  t a go ii. 
logarithmic  mode/co ndit i c ns ; 


► 


I 


_J| 
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b)  tne  simultaneous  work  ot  two  or  several  nonlinear 
cascade/stay es  in  nonlinear,  but  not  logarithmic  aode/condi t io.v 
(combined  method  of  obtaining  LAX). 

The  most  precise  LAX  of  n-cascade  amplifier  is  obtained  in  th 
strictly  successive  work  of  nonlinear  cascade/stages.  It.  this  c i:  , 

all  amplifier  stages  must  be  identical  and  have  completely  d“  t .•  r ;;  in<.  ; 
amplitude  characteristics,  analytical  expressions  of  which  can  tr' 
found,  by  analyzing  the  successive  work  cf  nonlinear  cascade/staye.  . 
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Pig.  9.  Block  diagram  of  n-cascade  amplifier. 


Fig.  10.  Amplitude  characteristic  cf  nonlinear  cascade/sta j 


Let  us  examine  the  successive  work  cf  nonlinear  cascade/.  * : . 
the  block  diagram  of  n-cascade  amplirier  (Fig.  9)  a rid  let  us  j :•  r . x: 
the  requirements  by  which  they  must  satisfy  nonlinear  cascade/. ;t  : , 
for  obtaining  precise  by  LAX  in  wide  dynamic  range.  Since  tt,-.,. 
requirements  do  not  depend  on  the  method  of  adjustment  a n 1 icri’  : t. 
plate  load  of  cascade/stage  (single  oscillatory  circuit,  band-.  >.  . 
filter,  aperiodic  load),  the  successive  work  of  cascade/stages  c.:.  i- 
analyzed,  not  taxing  into  account  concrete/s iecific/act ual  circa:* 
solution. 

DuLing  analysis  we  assume  that  all  cascade/stages  are  identical 
ana  each  of  them  has  the  amplitude  character istic,  depicted  on  Fig. 

1 C,  and  the  maximum  amplification  factor  of  work  in  linear  con  ! i * j 
K i . Amplitude  characteristic  must  consist  of  three  sections:  lin  .u 

I,  logarithmic  II  and  quasi-linear  III  1 . 

FOOTNOTE  All  variables,  which  relate  to  these  sectiuns  ot 

amplitude  characteristic,  subsequently  we  will  desiqnate  by 
corresponding  indexes.  ENDF COTNOTE . 

with  the  input  voltage  of  the  amplifier  of  L'„,  < t/„„  all 
cascade/stages  work  in  linear  conditions  and  their  amplitud*- 

characteristics  ate  described  by  the  equation 


(H-O 


Eage  21. 

When  entry  stress  of  amplifier  reaches  the  value  or 
UBX  — UUXll,  the  last/latter  cascade/stage  enters  the  logarithmic 

mode/condit ions.  This  corresponds  on  Fig.  to  10  input  voltaqe 
cascade/stage  of  f/„M.  Consequently,  the  input  voltage  of  *:■ 

cascade/stage  with  which  the  nachinaetya  of  its  LAX,  in  the  cas- 
the  n-cascade  amplifier 

^nx,  = UnnKi~l. 

I - 

During  a further  increase  in  the  input  voltage,  the  la.st/1  itt‘  : 
amplifier  stage  works  in  logarithmic  mode/co  nd  it  ions , and  w • i j ; * 
preceding/previous  - in  linear  conditions  with  a maximum  cocliir: 
of  K,.  It  is  analogous  with  that  as  it  was  shown  in  $1  chaptei  j , * . 

amplitude  characteristic  of  cascade/stage  in  work  in  logarithmic 
mode/condit ions  is  described  by  the  expression 

^buxh  = KiUbxx  (in  -|-  1 

\ VBXI 


1 


with  1 1 > 
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If  A'  / ' I i 1 "I!  ^ 

o,u.X|1  — A1Oi.x1  I a Uijj 1 ii pn  a h 1. 


i ith/ 1 


Daring  the  introduction  oi  relative  input 


ar.d  cu * ; u» 


^ m x 

^BUX[  K.b.,, 


of  voltages,  the  expressions  (11-1)  and  (II-  1) 


accept  tiie  following  form; 

(II-4) 

■h  a Inxjj  -f  1'.  (II-5) 

The  amplitude  characteristic  of  cascade/stage  z - f (x ) , t|. 
expressed  in  relative  voltages  by  analogy  witn  amplifier,  tazn-  ; . * 
agree  to  call  the  given  amplitude  characteristic. 

The  factor  of  amplification  of  cascade/st age  of  work  in 
logarithmic  inode/condi  t ions  is  a value  variable 


V ^ X,  / ^ liX I f . \ , 

An  - T—  - -0 a In  rr^  -hi),/  (II-G) 

"II  u"ll  V U«xl  1 / 
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Let  us  assume  that  the  LAX  of  cascade/stage  terminates  wit:  t 

input  voltage  of  !/„*_.  Then  dynamic  range  LAX  on  the  input  Velt 

O.-ff--  (II-7) 


Subsequently  for  the  sake  of  simplicity  in  the  analysis  -u  1 


successive  vcrk  of  cascade/stage s 


let  us  accept  coefficient  n 


1. 


r 
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cange  from 


During  a change  in  the  entcy  stress  of  the  n cascade/sta  g, 
Ux *,  to  U„At  the  en€ry  stress  cf  amplifier  cnai 


the  range  of 


*/«,  - u* 


K 


n~  i 


In  this  case,  the  amplifier  gain  is  determined  fcy  the  ex] 


..  ..  - KlL'  <x1  f 1 /'">(") 
i:  \ ’ 11  '7/ 


/ //„ 


w here 


>’  ■(  ) ^ A,, 


■ “*n 


entry  stress  of  t ne  r 


cascade/stage ; H „;: 


entry  stress  of  amplifier. 


At  the  output  of  amplifier,  is  reproduced  the  logarithmic 
dependence 


I ’ . 


■ U»xK0  , , — K,L'»x; ! !n  7r--  1 >. 

\ c ux. 


or 


K,Ub! !. 


r.'u* 


-1-1  V 

\ ^ B,  „ / 

(11-8) 


When  entry  stress  of  the  n cascade/stage  reaches  <V,  , 
operating  point  on  rts  amplitude  characteristic  is  located  or  t A 
boundary  of  transition  with  II  to  III  section.  For  the  reaiixaMt  : 

the  successive  work  cf  cascade/stages,  it  is  necessary  that  it  mi 
icuent  operating  point  on  amplitude  characteristic  ( n- 1 ) th 
cascade/stage  would  be  located  on  the  boundary  of  transit io:  :r 

II  section,  i.e.,  entry  stress  of  the  cascade/stago  must  f.  i 1 , 
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For  satisfaction  of  this  condition,  the  maximum  factor  of 
ditplii  ication  of  nonlinear  cascade/stage  must  be 

K.  = ^ = D,.  (1 1-9) 

Then  section  common/general/tot al  by  the  LAX  of  amplifier  ( • ct  i -r  i-. 
in  Fig.  11)  is  obtained  in  week,  in  the  legar  it  hmic  mode/con  di  ti  - ■ : . : 

the  n cascade/stage  respectively  daring  a change  in  the  input  v Iti, 
of  amplifier  from  ua%n  to  = D16'UX(j.  With  UR>i  = K1UBXh 

according  to  expression  ( 1 1—  8)  output  potential  cf  the  amplifi-i 

ma  — K0URXh  (In  D,  + 1)  = K0UUXu  In  -f- 

KUU BX„  = + AL/, 

where 

\U  KuUIIXh  In  Dl  = l\lUBXi  In  DL:  (I I - 1 0) 

During  a change  in  the  entry  stress  of  amplifier  from 

Uux  = - "■V  = A'i^'ux,,  to  U*x  ~ — /Ci^.x„  penultimate  ( n- 1 ) -1 

A,  ' Ai 

cascade/stage  works  in  logarithmic  aode/condit ions,  all 

cascade/stages,  which  precede  penultimate,  they  work  in  linear,  u ( 
the  last/ latter  cascade/stage  in  quasi-linear  mede/condit ions . 
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In  this  case,  the  common/general/total  coefficient  of  amplifier 
changes  according  to  the  law 


A, 


(»(//  - 1 ) 


AT 


K\Li 


( ,ri  — . 


*(k-  l* 


*X(„  -l) 

77." 


f I Km 


(«)• 


(11-11) 


where  ^.u-l>ssW“A"7S“^x„ 

cascade/stage;  Km,,,, 


- entry  stress  (n-1)  the-  po  ot 
are  the  current  factcr  of  amplit  iont  in  -t 


. 


M 
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the  n casca de/stage. 

Here  all  the  previous  cascaue/stayes  wall  introduce  no 
distortions  into  common  amplitude  characteristic,  since  they  ccnri.u- 
tc  work  in  the  linear  uchastkkh  of  their  amplitude  character ist ir:  . 

The  last/latter  cascade/stage  which  in  this  torque/raomen  t wou.  n 
quasi-linear  mode/conditions,  will  not  introduce  distortions  m*-< 
common  logarithmic  amplitude  characteristic,  if  its  factor  of 
amplification  of  is  constant  ard  equal  to  unity  or  will  i 

mere  than  unity  and  variable,  but  in  this  case  the  diffrrer.ti.il 
amplification  factor  must  be  equal  to  unity.  In  this  case  ot  ai. 
incremental  stress  on  the  output/yield  ot  the  n cascade/sta ye,  ■« i i i 
equal  to  incremental  stresses  on  its  injut,  and  section 
ccmmcn/general/total  logarithmic  amplitude  characteristics,  c^u.- 
( n — 1 ) -m  by  cascade/stage  (section  h-c  in  Fig.  11),  will  be  nccui.-*  ]y 
reprodreed  at  the  output/yield  of  the  n cascade/stage,  i.e.,  a’  - r 
output  of  amplifier.  It  is  necessary  tc  note  that  the  tactor  j • 
amplification  ot  cascade/stage  of  the  successive  wor  k or  r i o n I in-  .» r 
cascade/stages  is  always  higher  one.  This  esca  (e/ensues  of  the 
following. 

On  the  basis  of  equalities  (II-6)  and  (II-9)  we  find  ti  ihc*  : 
cf  amplification  of  nonlinear  cascade/stage  at  the  tor que/m omen  * < ; 
transition  from  logarithmic  mcde/conditicns  to  quasi-linear 

Kt  <p  In  -f-  1 - In  D‘  + 1.  (H-12) 

UHXx 

Since  C,  > 1 and  lnDt  > 0,  K?  > 1. 


■ 
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At  the  transition  point  of  the  amplitude  characteristic  of 
nonlinear  cascade/st age  from  logarithmic  section  to  qua  si-1  n.^a . , i. 
made  the  equality  of  Km—Ki-  Consequently  /<,,,>!. 

Fage  J 1 . 

But  if  the  factor  of  amplification  cf  the  last/lat- * 
cascade/stage  of  K\wt  is  more  than  cue  and  constant,  the:  * 

last/latter  cascade/stage  will  introduce  distortions  into  co minor- 
logarithmic  amplitude  characteristic.  Distortions  will  develop 
in  the  fact  that  the  section  of  common  logarithmic  amplitude 
character ist ic,  provided  with  work  (n-1)  the-go  cf  cascade/  • t >1 

logarithmic  mcde/co nditicns , will  slope  of  the  afr upt/steepet  i 
comparison  with  siope/inclination  section  of  characteristic,  o: * . 

in  work  in  the  logarithmic  mcde/cond i t i c rs  cf  the  last/latter  • 
cascade/stage. 


Utilizing  a condition  cf  the  equality  of  ordinates  and 
first-order  derivatives  for  the  transition  point  of  the  aniplitu.e 
characteristic  of  nonlinear  cascade/stage  of  logarithmic  sectio:  *■■■ 
quasi- linear,  and  also  equality  (II-9),  we  find  the  value  of  tn  ' 
differential  amplification  factor  of  the  work  cl  nonlineai 
cascade/stage  in  the  quasi-lineai  mode/ccnd iti c r s 
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f I (/«M  \1 

d : K*y.x,  H JJ  4 l*^,,  (In  1)4  b(Uu,u~U^t) 


“*ii 


“in 


After  differentiation  ve  obtain 


U„v  ~ 


Since  at  transition  point 


f BX,  " Uu X,A  ,, 


ineu 


6=  I. 


(11-13) 


Thus,  the  differential  factor  of  amplification  of  cascad y t ta  , 
cf  work  in  quasi-linear  mode/conditions  must  be  equal  to  one.  j 1. 
dependence  between  output  and  input  voltage  cn  the  quasi- li neai 

section  of  amplitude  characteristic  (with  UBxm>UBX,  in  Fij.  10) 

can  be  recorded  in  the  following  form: 


— ^ UUX,  "t*  h (t-1 


“Mil 


■^BX.). 
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After  simple  conversions  we  will  obtain 


v, (Il-M) 


Cl 


Aii  =-  In/),  + . 


4 


(IMS) 
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Factor  of  amplification  of  nonlinear  cascade/stage  for  t bi- 
section of  the  characteristic 

..  K'Uux,(. 

Am  -jj'  In/^  -|-  77 — ], 

“Mil  \ ox,  / 


A-,t/,.XllnO, 

Am  ~ — 77 < + >• 


(IMG) 


From  expression  (11-16)  it  is  evident  that  the  factor  of 
amplification  of  nonlinear  cascade/staye  of  work  in  the  guasi-lir> 
section  of  amplitude  character ist ic  is  the  value  of  variable  and 
during  a considerable  increase  in  the  input  voltage  it  approacu-. 
uri ty . 


After  the  substitution  of  expression  (11-16)  in  (11-11)  we  oM  In 

formula  for  a common/general/total  amplification  factor  of  work  (r.-l) 
the-go  of  nonlinear  cascade/stage  in  the  logarithmic  mode/cord j *■  ion . 

Ao(«-d  = 


AV/„X,  / lJ«*{n~\)  , .\(K,Uni\nDt  \ 

A]  77 1 “{j + 1 l — 77" + 1 • 


Respectively  output  potential  of  the  amplifier 


' 1 1 


s—  1 Atx 1 1 ■ A i A hx , In  17 1 


H-  A/  „> ,/<  1 ( In  -''-'iri’  l) 

\ II X | / 


or 


0 1-19-77 


pa.;: 


since 


'' ' !ri  — ] V 


i 


- L' 
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Conseguently , at  the  output  ot  entice  amplifier  is  reproduc 
loga ri th mic  amplitude  charactPi  istic.  With  al'reyshem  incrasi- 
input  voltage  into  that  torq ue/moment , kcgd,  the  operating  point 
amplitude  character ist ic  (n-2)  the-go  cf  cascade/stage  will  mov- 
lcgarithmic  section,  common/qeneral/t ot a 1 amplification  fac'iT  ^ 
output  potential  of  amplifier  are  equal  to: 


r _ A'"-3  K'lJ 
A°'"  - Ai 


~ I .In  + 1 ) x 


\ 


' iiM„— ll 


KiU»Xl  'n  0,  ^ ; 


V 


12)  - C/b,/C-2>  7s  In  Dx  + 


+ yM|^,  ( In  -77^'  -f  1 , 

\ UllX,  / 


or 


s i nee 


y 


BU*0<rt-2> 


= 2/Ciy„x,  In  /?!  + y»x,/C,  I In  + 1 


By  discussing  analogously,  we  will  obtain  expressions  tor  t 
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ccmmon/gene ra 1/total  factor  ol  amplification  and  output  pot  t r.  t- 1 •.  i 
n-ca^cade  amplifier  of  the  wcrk  of  the  first  ncrlinear  cascai  /.  *r  ■ 
in  the  logarithmic  mcde: 


* ..'/v/-, 


tl  X ' 11 X,  ' X IIX(0»  / 

(KiUmi  In  P,  i 1n/j,  . \ 

"’I  + /V  /’ 

^ ~ (,f  — " 0 j^iix,  In  Dl  + 

+ W^finir5-  -H;. 


c t 

f/Bux0(ll  = (/!—  In  -!-/<,  tf,,/ 1 n 1 \ ( 1 1 - 1 7) 

k L U.X,  / 

since  in  this  case  of  Uax~U u , 


The  first  nonlinear  cascade/stage  works  in  logarithmic 
mcde/conditions  during  a change  in  the  output  potential  of  amplii'i-'i 
frcm  /<"  -■  U„,,  to  f/„xK  ~ (.'BXhA'"  =• 

Page  34. 


Section  common/gene  ral/tctal  in  the  LAX  cf  amplifier,  that  is  ot4  ; r, 
in  wcrk  in  the  logarithmic  mode/cond  it  i c ns  ct  the  first  casca  1 V f •.  , 

in  Fig.  11  is  designated  by  e-f.  The  designations  of  sections  i,  i.-l, 
...»  2,  1,  given  in  Fig.  11,  indicate  the  fact  that  this  section 
common/general/total  by  the  LAX  of  amplifier  is  obtained  in  work  ir 
the  logarithmic  mode/conditions  respectively  of  cascade/sta go s r, 

(n-  1)  


2 and  the  1st 
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Output  potential  o£  logarithmic  amplifier  at  the  end  of  th< 
dynamic  range  in  accordance  with  expression  (11-17) 


U. 


*»  nKJJt.i 


!n  D,  + 


- */.,«„ +/1AV.  (I MS) 


On  the  basis  of  the  given  reasonings,  let  us  record  th“ 
ccitmon/gene  ral/total  expression  for  the  factor  ct  amplification  of  i- 
cascade  amplifier  of  the  strictly  successive  wcrk  of  the  nonlinear 
cascade/st ages 


A'o  K 


n ~rn 

1 U 


IJ 


ii 


l‘  m — 1 

' -p  ii  n : 

• ' • n-n1  u«x,  i 

..'iC',  In/) 

X f . — iii 


I), 


(I  M9) 


' (/i  -rn  — i) 


where  (n-m)  - the  number  of  nonlinear  cascade/stages,  which  work  i r 
linear  conditions;  (n-m  + 1)  - the  number,  which  indicates,  which 
nonlinear  cascade/stage  works  in  logarithmic  mode/conditions;  ( ir  — 1 ) - 

the  number  of  nonlinear  cascade/stages,  which  wcrk  in  qu asi - 1 in- it 
mcde/condit  ions;  .»  - output  potential  (n-m  + i)  t;,~-co  ot 

nonlinear  cascade/stage. 

The  output  potential  of  amplifier  is  determined  from  the  fcrn.ul 

=-  K0U„.  (II-20) 

On  the  basis  of  the  analysis  conducted  it  is  possible  to  i:  ..v  t . 
conclusion  that  during  logarithmic  operation  according  to  t h<  1 n >i 
natural  logarithm  tor  obtaining  a precise  logarithmic  amplitude 
characteristic  of  n-cascade  amplifier  ncnlirear  cascade/sta qns. 


! 
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independent  of  circuit  solution,  they  roust  satisfy  the  tollcwi.vj 
fundamental  requirements: 


! 


C 1 - 1 9- 7 7 


1)  the  a mpl it ication  of  weak  signals  must  te  maximum; 


:>  ■ 


2)  dynamic  range  the  LAX  of  nonlinear  cascade/sta  ge  on  input 
voltage  must  be  egual  to  the  maximum  factor  cf  a Bp  1 i f ica  + ion  or.  i 
cascade/stage,  i.e.,  Dj  = K,; 


^)  the  differential  factor  of  amplification  of  nonlinear 
cascade/stage  after  having  emerged  of  operating  point  on  its  ami. lit 
characteristic  from  logarithmic  section  must  be  equal  to  unitv.  In 
this  case,  the  current  factor  of  amplification  of  cascade/s ta je  iu~- 
be  variable  and  approach  unity  during  a considerable  increase  in  t, 
input  signal. 

It  logarithmic  operation  is  conducted  not  by  Naperian  Las--  (i 
(neg)  1),  the  third  condition  b - 1 virtually  it  cannot  be  satisfioi 
with  high  accuracy  which  leads  to  distortion  ccmmon/gent ral/tot a 1 
the  LAX  of  n-cascade  amplifier.  This  is  obtained  as  a result  oi  t 
fact  that  with  (o 1),  at  transition  point  frcir,  the  logarithmic  t 
the  quasi-linear  section  of  the  amplitude  characteristic  of 
cascade/stage  differential  factor  of  amplification  b = a.  For 
satisfaction  of  condition  b = 1 on  the  quasi-linear  section  of  tin 
amplitude  characteristic  of  cascade/stage#  it  is  necessary  tha*-  *ho 
characteristic  of  cascade/stage  at  transition  point  from  logari'hmi 
section  to  quasi-linear  would  have  sharp  fracture  (Fig-  1 2 , is  nuv 
2),  which  virtually  cannot  be  carried  out.  Only  during  a ccnsiib-ia 
increase  in  the  relative  input  voltage  x coefficient  b in  th-  cos 
a 1 approaches  unity  (Fig.  12,  dashed  curve)  . Any  deviatior 
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the  teal  amplitude  characteristic  of  nonlinear  cascade/stag  i : 
required  theoretical  curve  distorts  logarithmic  amplitude- 
character  ist  1C. 

Page  31- 

In  order  to  obtain  a precise  LAX  of  n-cascade  amplifier  with  a (i 
1r  i.e.,  with  any  foundation  of  logarithmic  operation,  it  is  u-'Cf 
in  the  last/latter  nonlinear  cascade/stage  tc  accomplish  of  c or.  • 1 
a = b ~^=-  1,  and  in  all  remaining  nonlinear  cascade/st  age  s - 

ccndit ion  a = b = 1. 

In  this  case  the  last/latter  nonlinear  cascade/stage,  work  in 
quasi- linear  mode/condi  tiens,  transmits  to  the  output  or  amplifi* 
incremental  stress  with  differential  factor  of  amplification  b - 
(neq)  1 and  general  amplitude  character  i£tic  of  amplifier  slop- 
determined  by  coefficient  cf  a (neq)  1.  Besides  examined  curve  2 
Fig.  12  also  depicts  the  given  amplitude  characteristics  of  nonli 
cascade/stage  for  tne  cases:  a = b = 1 (is  curve  10;  a = b = d.i 

(curve  3).  In  all  three  cases  is  accepted  the  mere  probable  tor 
practice  value  of  the  factor  cf  a mp  1 i f ica  t i c n and  dynamic  dia,2o: 
LAX  of  cascade/stage  Kj  = Dj  = 10. 

With  a = b :gzb  1,  amplitude  characteristic  of  nonlinear 
cascade/stage  on  quasi-linear  section  is  described  by  the  ex.rc .... 
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£>¥ 


A’.t'M.  •<  In  -f-  — I ) -f  1 ( 1 1 -2 1 ) 

' ■*'.  / .1 


-hi  o yn  /),  I-  — 1 ) + 1.  (11-22) 

Figure  as  13  solid  lines  on  se milogar it hra ic  scale  depict-  1 - 
required  for  a successive  work  given  amplitude  characteristics  of 
nonlinear  cascade/stage  for  three  values  of  coefficient  of  a and  K , 

Dt  = 1C.  The  logarithmic  section  of  amplitude  characteristic  (tics  Xj 
tc  x2)  on  semilogar ithmic  scale  is  depicted  as  straight  line. 


For  the  general  case  (a 


1)  , when  in  the  last/latter 


cascade/stage  is  satisfied  condition  a = b 


1,  and  in  all 


remaining  cascade/stages  - a = fc  = 1,  the  factor  of  amplificati 
n-cascade  amplifier  cf  the  strictly  successive  work  of  the 
cascade/sta  ges 


l>  ,.n  rn  ^'ux,Al  T,  ^ 'I 

Ao  ! A|  l.'l <n~m- f-i>  -}-  1 | X 

I LXf/(-  m-L  l)  L t/.„  •' 

n 'AVV„  '»/),  , \ f A’iWbj  (a  In  D,  - 1 — a) 

i I U;  ■ * 1 1 — -~u + o,  .(ii-23) 


C 1- 19-77 


pa  ;■ 


Output  potential  of  amplifier  oped  e ly  ae  ts  y a according  To  tn- 
formula  (11-20),  which  in  this  case  is  equivalent  to  expression 
U-17)  . 


Is  expressed  fundamental  qualitative  indicts  of  the  n-cascadi- 
loyar lthmic  amplifier  oy  the  indices  cf  separate  cascade/st a jes . 
Eeginning  the  LAX  of  n-cascade  amplifier  in  the  successive  wor.<  i^f 
ncnlinear  cascade/stages  corresponds  to  the  input  voltage  with  whic 
the  last/latter  cascade/stage  enters  the  logarithmic  section  of  it. 
amplitude  characteristic.  This  voltage 


</.*„■=  • (H-24) 


In  thi£  case,  output  potential  of  the  amplifier 


f'uux,,  — - 

==</»,..  (11-25) 


The  end/lead  of  the  logarithmic  amplitude  characteristic 
corresponds  to  the  input  voltage  with  which  the  first  nonlinear 
tasca  i ‘/stage  emerges  the  logarithmic  mcde/ccnditicns  of 
Output  voltage  tor  this  case 


U. 


Mux.  “ U„hK,. 


(11-26) 


^uuxK  = nKiUaxfi  111  Dl  + UHXJnu  In  Dt  + 1).  (11-27) 

Dynamic  range  of  logarithmic  amplifier  cn  t lie  input  vol'aj- 

D-jP-kZ-d:.  ■ (11-28) 

since  in  the  successive  work  K,  - Dt.  Fespectively  dynamic  ianr  o 
amplifier  on  the  output  voltage 
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no  la  Dv  -i- 1. 


(11-29) 
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Contraction  coefficient  of  the  amplified  stress 


A)  ...  «a!nZh+l 


(11-30) 


From  expressions  (I 1-28)  - (11-30)  it  is  evident  that  the  dynamic 

range  of  logarithmic  amplifier  on  input  voltage  can  Le  changed  by 
changing  the  dynamic  range  of  the  LAX  of  cascade/stages  and  their 
number.  The  dynamic  range  of  amplifier  cn  output  voltage  and, 
consequently,  also  the  compression  ratio  with  the  constant  P,  can  he 
decreased  or  increased  by  changing  ccefficiert  cf  a. 


The  characteristics,  shewn  in  Fig.  2,  in  the  successive  work  cf 
the  cascade/stages,  which  have  tne  most  probable  value  K,  = Dt  = 1,  , 
they  are  the  characteristics  of  five-stage  amplifier.  The  analytic 
conducted  shows  that  in  the  strictly  successive  work  of  cascade/  t i>.  ; 

for  obtaining  precise  by  the  LAX  of  n-cascade  anplifier  in  wide 
dynamic  range  in  the  case  ot  the  amplification  cf  signal  according  *:c 
the  law  of  natural  logarithm  (a  = 1)  all  cascade/stages  of  dlzhny  r > 
be  identical  and  to  have  the  amplitude  characteristics,  desci  if  i oi. 
individual  sections  by  expressions  (II-1),  ( 1 1 — 2 ) and  (11-14).  li  t 

case  of  amplification  according  to  the  law  cf  logarithm  with  iny 
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Eages  40-78. 


§ 2.  Method  of  the  consecutive  addition  cf  voltages  from  the 


output/yields  of  amplifier  stages. 
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Key: 


14.  Simplified  block  dia 
( 1 ) . Su mmato  r. 
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A method  of  the  consecutive  addition  of  voltages  from  t r. 
output/yields  of  cascade/stages  can  be  utilized  for  obtaining  LAX  i.  i. 
n-cascade  selective  and  aperiodic  amplifiers.  The  special  case 
this  general  method,  the  method  of  consecutive  detection,  whicn  i 
applied  for  obtaining  LAX  in  selective  aiipliriets,  are  examined  i i 
works  [26],  [34],  [38]  and  [43].  It  should  be  noted  that  in  tie 
works  the  indicated  method  cf  obtaining  LAX  is  examined  insufficiently 
fully-  In  this  paragraph  the  author  made  the  attempt  to  deepen 
analysis,  after  examining  the  more  general  case. 

The  principle  of  obtaining  LAX  with  the  method  of  the  addition 
voltages  let  us  examine  cn  the  simplified  block  diagram  of  n-cascad 

amplifier,  depicted  on  Fig.  14. 

Amplifier  consists  of  n of  amplifier  stages  (1,  2,  ...,  n - 1,  i) 
whose  output/yields  are  connected  to  the  summatcr  of  voltages.  Firm 
the  output/yield  of  summator,  is  remove/ ta ke n the  output  vo 1 ♦ a ; , 
equal  to  the  sum  of  the  voltages  of  all  amplifier  stages. 

By  examining  the  work  of  diagram,  let  us  suppose  that: 

all  cascade/stages  are  identical  and  have  a factor  of 
amplification  K,; 

the  amplitude  characteristic  of  each  cascade/stage  up  to 
saturation  remains  linear; 
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during  the  saturation  of  cascade/stage  its  cutout,  voltage  ’ • 
net  depend  on  the  amplitude  cf  input  signal  and  remains  cons* an*; 

suiuBdtor  linearly  summarizes  voltages  with  transmission  t i • : , 
egual  tc  unity. 

After  input  process  of  the  amplifier  of  small  voltages,  t:> 
cascade/stages  work  without  overloadings  in  linear  conditions.  !-• 
assume  that  with  entry  stress  of  the  amplifier  of  UB\  t/„Xi  the 
last/latter  n cascade/stage  is  impregnated  and  from  its  out put/yi els 
is  remove/taken  the  stress  of  UBUXl  = K"UBXii_  Since  to  summit  or  a r • 
connected  the  ou tpu t/yields  of  all  cascade/stages,  output  potential  i : 
the  summator 

U'BUX  = - Kn,UBn„  + U„K  (KT1  + I<r 

...  + A’i  + A’i)  = A,t/„X||  4-  At/'. 


During  an  increase  in  the  output  potential  cf  amplifier  fre  i 
Uilx  = UBX„  to  U'BX  = A,A„Xh  output  potential  cf  summator  changes  accoi 


tc  the  law 


Ua 


01  n ) 


KiUBX u + UBX  (Ax  + A\ 


• • +/Cj  + A'jh 
(11-31) 
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Fig.  15.  Initial  section  calculated  and  experimental  by  the  LAX  o 
the  amplifier  of  b“A 


Fig.  16.  Amplitude  characteristics  of  amplifier  in  obtaining  LAX 

the  method  of  the  addition  cf  the  stresses:  - the  calculated 

LAX;  the  experimental  LAX  of  n ■■ 
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The  section  of  the  common  amplitude  characteristic  of  amplifier, 
which  is  obtained  with  the  overloading  of  the  last/latter  nonli;*  it 
cascade/stage  and  described  ty  expression  (11-3  1),  is  lineaL.  i!.i. 

section  in  Fig.  15  and  16  is  designated  in  numerals  1-2.  Figui-  1' 
shows  the  initial  part  of  the  common  amplitude  characteristic  of 
amplifier  on  graphic  scale  along  the  axes  cf  coordinates  during  * 
saturation  of  the  last/latter  and  penultimate  cascade/stages  (c  i*  , 
depicted  as  solid  line)  . Figure  16  experimental  amplitude 
characteristic  of  amplifier  shows  unbroken  curve  on  semi  log  ar  it  nu.ie 
scale  (along  the  axis  of  abscissas  is  taken  logarithmic  scale,  and 
along  the  axis  of  ordinates  - linear). 


With  the  input  voltage  of  the  amplifier  of  U = AjIAi,  id 
impregnated  penultimate  (n  - 1)  -1  cascade/stage  and  output  pot  n * ; 
cf  the  summa tor 


tfux  - 2icub<n /,„„„  (C" + /cr2+ . . . 

==  2K]U„u  + w;  . 
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If  the  number  of  cascade/stages  n >>  1,  then  with  a sufficient 

degree  of  accuracy  is  fulfilled  the  equality 

At/'  = A U". 

Then  the  voltage 

^UMX  = ^nuxH  + KxUtxH. 

This  it  corresponds  to  point  2 in  Fig.  15  and  In. 
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During  a cnange  in  the  input  voltage  of  amplifier  from  U"x 
U"x  = KilUls%,  when  is  saturated  (n  - 1)  -1  casca  de/stages,  output 

potential  of  the  sumatoc 

^ -ux0!n—l)  ~ (^1  + Kl  2-f-  . . . +/(*). 

This  section  ot  amplitude  characteristic  in  Fig.  15  and  15 
designated  in  2-3  and  is  linear. 


With  the  input  voltage  of  amplifier, 
1)  -1  cascade/stages  and  output  potential 


the  UZx  is  impregnate 

of  the  summator 


/ 

yJ  hmx 


= 3A'Xx„  + C/Bx„ (K* J + Kl  *+  ...  +/<')=. 

= 3 KJJ»Xk  + AC'"  = (y  BUX,,  + 2/Vj 


since  with  n >>  1 


W = U„a  (. c 1 + K*r*  + 


Analogously  it  is  possible  to  record,  that  with 

u%  = Kr'U,*u  (11-32) 

iK-\UUXh  4-  U,IXii  (Kn~l  g-  4.  . , . -p  _ 

= Udux,,  + («  — 1)  K[UHXnt  (11.33) 

U“  = = (11-34) 

when  is  impregnated  the  first  cascade/stage,  output  potential  of 
summator 

'U™*~U%m%~nK\Unu.  (11-35) 


U 


ti) 

UblX 


while  with 


to 


) 1 


d ( t.  - 
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Thus,  during  a change  in  the  input  voltage  in  exponential 
function,  output  voltage  charges  linearly.  /This  gives  the  lo  ja  : 1 1 ..  .1  in- 
dependence between  output  and  input  voltage. 

Fage  42. 


It  is  possible  to  show  that  in  the  case  in  question  for  the  inpu" 
voltage  with  which  consecutively  are  overloaded  the  cascade/,  ta  . , 
there  is  a precise  logarithmic  dependence.  for  this,  from  ex  pr  i • 
(11-32)  let  us  find 


i (/'" 

1 = nrm »"  or 


and,  after  substituting  into  expression  (I1-J3),  we  will  obtain 


1 1 


] ii  i\ 


7*  K 


— -•  u„ 


V K 


rt— a-f  1 


(11-36) 


where  i - the  number,  which  shows,  which  cascade/stage  is  satuiart  i 
with  this  input  voltage. 


A 


Let  us  find  the  fundamental  principles,  which  cha: 

LAX  of  n-cascade  amplifier.  Since  the  LAX  cf  amplifier  beg i 
terminates  respectively  with  the  input  voltage  of  (•/■„  and 
' = - U„,  Kn,~l,  *-he  dynamic  range  of  amplifier  cn  the  input  vo  1 1 t | 


D=,  IHe-A'71'1 

II  ~ A t . 


(11-37) 


The  dynamic  range  LAX,  which  is  necessary  tc  one  cased  1f/st  i . •, 
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(H-38) 


Proa  expression  (11-37)  we  find  the  factor  of  ampli £ ic.r  i 

one  cascdde/stage 


A’.  = -V'D. 


(II-39) 


Comparing  the  r ight  sides  or  the  expressions  (11-36)  and  (i-17)  , 


we  cttain 


m-40) 


Taking  into  account  that  the  . S' K1  are  dynamic  ra 

“II  11 A H . ' | ’ * 

/=- 1 

LAX  of  amplifier  on  the  output  voltage 


' “,J*M  V f(X 


(11-41) 


with  the  sufficiently  large  factor  of  a tr  p li  f ica  t ion  of  Duux^cn. 
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Expression  (11-36)  is  correct  only  for  the  isolated  point  of  >. 
experimen  al  amplitude  characteristic  of  amplifier  (point  1,  2 a:: 
in  Fig.  16).  The  position  of  intermediate  points  depends  botn  on  t 
form  of  the  amplitude  characteristics  of  separate/ indiv idua 1 
cascade/stages  and  on  the  value  of  the  t ra ns ni ssion  factor  of  - h, 
summator,  which  is  changed  during  a change  in  the  stress  lev>-l. 
the  taken  assumption  that  the  cascade/stages  have  linear 
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characteristics  up  to  saturation,  the  inter  Hied  iate  points  of 
experimental  character istic  will  considerably  differ  from  accui  iy 
logarithmic  (dashed  curve  in  Fig.  15  and  dash  straight  line  in  rig. 


16).  Let  us  find  the  maximum  relative  deflection  of  the 


of  t h *■ 


experimental  amplitude  characteristic  of  amplifier  from  accurately 
logarithmic  for  input  voltage  from  to  (7ax„  /(,  (Fig.  15)  . r t; 
section  in  question  a precise  LAX  is  described  by  the  expression 


K.U  UB% 

In  ^ (H-42) 

a experimental  amplitude  character  1st ic  - by  the  expression 


iAiux,  — £Aiux„  -I-  ((7 fix  f7UJii)  — (7Ux„  ~ 


(11-43) 


where  the  /\A=iga  = ^-—  - differential  amplification  factor  on  sc* 


from  aaaaa  to  the  Ua 


We  find  a difference  in  the  expressions  (11-42)  and  (11-41) 

U 

A u bux  = Unux  — UttUX,  ' = In  ^—(U  — 

1 * In  A,  "u  — 

* w II Y . 


^ BX„ ) 


K,  - 1 ’ 


(11-44) 
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fig.  17.  Curve/graph  of  the  dependence  of  the  maximum  relativ- 
experimental  by  the  LAX  cf  amplifier  on  the  value  of  the  factor 
amplif  ication  of  cascade/stage. 
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SO 

For  the  search  of  the  maximum  absolute  deflection  of  the  A Uuu>.  01 
experimental  characteristic  from  the  otchnoy  by  LAX  we  differential- 
differences  (11-44)  and  equate  to  its  zero 


77' 


whe  nee 


U.. 


JC 

lit  Ai  r..  /C, — .1 

I',,,,  (A'»  ~ 1) 

In  Ai 


— o, 


! 


and. 


(/. 


M.IX  M.  Kv 


: U, 


A " / ' 

.1  HX„  /<■,  — ! 


in  a: 


In  Ki 


ar  - h'’ r - 1 _ I , _!n k±\  . 

«UX.U#K{  III  A,  ■■  II  A,  ' . Hi  —I/’ 


a/; 


i t,  x.M.t  ir 


. Vi  - ■ ! th  Ki  . 

In  * — i — -t-  v — r — I 

In  .\i  A i — I 


K — 1 'll 

In  - — -f  In  /\|  I I -I-  : - ...  -f*  - — - — r 

'"A  i . -‘-i  K*  A, ' 


(11-45) 


(IMG) 


With  the  search  of  8m,ikc  by  means  cf  equatinq  to  zero  of  dei  iv.- 


'*  (Ablllilx) 

dVZ 


0 is  obtained  the  transcendental  equation,  gr  aphoanal  y ♦ ic-. 


solution  of  which  showed  that  the  results  coincide  with  the  result:;, 
found  from  expression  (11-46). 

Curved  SMaKC  = f(Ki)  (Fig.  17)  it  shows  that  in  the  case  of  * he 
strictly  linear  amplitude  characteristics  of  cascade/stages  th- 
experimental  amplitude  character ist ic  of  amplifier  has  sufficiently 

large  deflections  from  precise  as  LAX.  These  deflections  grow/ri-.n  . 
with  an  increase  of  the  factors  of  amplification  of  cascade/st. i ) , , 


Fage  45. 
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A precise  LAX  of  n-cascade  amplifier  at  any  value  K,  can  be 
obtained  only  with  the  completely  determined  amplitude  characteii. 
of  cascade/stages.  The  required  characteristic  ct  cascade/sta j n 1 

easy  tc  find,  on  the  strength  of  the  successive  work  of  nonlinear 
cascade/stages,  examined  in  the  preceding/previcus  paragraph.  1.-  t 
assume  that  the  LAX  of  n-cascade  amplifier  must  begin  with  the  inp 
voltage  of  UaXl].  Then  for  obtaining  precise  as  tho  LAX  of  aii.pl;  ti 
cascade/stages  must  have  the  following  amplitude  c ha  Lac  tot i st ic s . 
During  a change  in  the  entry  stress  of  the  1 cascade/stage  from  0 
U„Xl  = UBXJ(n~'  all  cascade/stages,  with  the  exception  of  the  first 
iust  have  linear  characteristic  with  factor  cf  amplification  K'i  = 
- 1,  since 


or 


^AlX]  Ky  f70X]  (Kl  !)  £/|IX|  = A.  x ii  x ] 

( 


(11-47) 

(11-48) 


where  Kj  is  the  factor  of  amplification  of  cascade/stage,  calculat 
net  allowing  for  reaction  to  the  output  voltage  cf  the 
preceding/previous  cascade/stages. 


Fcr  the  i cascade/stage 


U 


UXf 


1 

*1 

T ics 

t i-> 

us 
u t 

t 3 

i 

K i 


where  the  ynx  - entry  stress  of  amplifier. 
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The  first  cascade/stage  must  have  the  linear  characteristic 
factor  of  amplification  Klr  described  by  expressions  (II- 1 ) and 

(II-4)  . 

During  a change  in  the  entry  stress  of  the  i cascade/stage  iroit 
(/»*,  to  U>*„  — K\Uvx  stress  on  its  output/yield  must  change  according  to 

the  law 

(II-49) 

. ’ ' f 

(II-50) 


i/iiu*ii . — K^Uuk  (a  In 


1.x , | 


• b'„ 


+ !)-£/«„ 


cr 


z ,i  = a ln  xM  -f  i v 


The  first  cascade/stage  must  have  the  amplitude  characteristic, 
descrited  by  expressions  ( 1 1—  3 ) and  (11-5).  In  this  case,  dynamic 
range.  LAX  on  the  input  voltage  of  one  cascade/stage  D,  = K,. 

Fage  U6. 

With  the  input  voltage  of  the  cascade/stage  of  > UaK  t 

output  potential  of  each  cascade/stage  must  remain  constant  and  1 • 
equal  to 

t'p.ux,,,  ==  Kxuma  III D,  (11-51) 

zm  — <*  !n  (11-52) 


cr 


Given  amplitude  characteristics  of  cascade/stage  z = f (x)  , 
calculated  from  formulas  (11-48),  (11-50)  ar.d  (11-52)  for  the 

different  values  of  coefficient  of  a and  Kj  = 1C,  izobrajeny  wtnxami 


Na  Kis.  13.  these  curves  can  be  used  during  the  calculation  ot 
amplifier  from  LAX. 

During  the  fulfillment  of  equalities  (11-48),  (11-50)  and  (Ii-52) 

the  general  amplitude  characteristic  cf  amplifier  accurately 
logarithmic,  is  described  by  expression  (1-17)  cr  (1-21)  and  ampin.  . 
has  parameters,  determined  by  equalities  (11-28),  (11-29)  a n i (11-30). 

From  the  analysis  conducted  it  is  evident  that  both  examined 
methods  make  it  possible  to  obtain  a precise  LAX  of  amplifier  inly 
during  a change  in  the  factors  ot  amplification  cf  cascade/st a j.  s n 
the  completely  determined  law  during  an  increase  in  the  input  volt  a ; . 
Are  examined  below  the  methods  ot  a change  in  the  factor  of 
amplifications,  which  make  it  possible  to  obtain  the  required 
amplitude  character istic  of  nonlinear  cascade/stage. 

§ 3.  Shunting  of  the  plate  load  of  cascade/stage  by  nonlinear 
cel  1/e  leme nt. 

The  simplified  circuit  cf  cascade/stage  with  the  plate  load, 
shunted  by  nonlinear  ce 11/element,  is  depicted  cn  Fig.  1h.  Under  Mn 
lead  impedance  of  one  should  understand  ter  an  aperiodic 

amplifier  the  anode  resistance  of  aaaa  for  a selective  amplifier  - t 


i 
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equivalent  resistance  of  the  duct  of  the  . of  the  shunted  by 
resistance  with  an  increase  in  the  voltage  of  the  signal, 

applied  to  nonlinear  ce ll/element,  the  active  entry  impedance  of 
A‘„,  • decreases,  which  causes  a decrease  in  the  factor  of 

a aplif ication  of  cascade/stage.  It  is  possible  to  select  this 
nonlinear  cell/element  at  whose  resistance  of  A’,,,v  changes  accord  ir 
to  the  determined  law,  which  ensures  obtaining  the  necessary  auijliti 
characteristic  of  cascade/stage. 


Eage  47. 


Pig.  18.  The  simplified  circuit  of  cascade/stage  with  the  plat-  lbau, 
shunted  by  nonlinear  cell/element . 
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As  nonlinear  cell/elements  can  be  used  vacuum  or  semiconductor  .rod1-. 
In  the  case  of  selective  amplifiers,  the  diodes  must  be  included  i t. 
such  a way  that  conductivity  fcr  the  positive  ar.d  negative  half-wav  . 
cf  the  voltage  of  signal  would  be  identical.  It  is  most  expedient  *■  c 
apply  germanium  sen iconductot  diodes  of  the  type  of  DGQ1DGQ10,  L2A-P2J 
and  D9A-09J  and  silicon  diodes  or  the  type  or  D1C1-D102. 


On  the  basis  of  the  requirement  for  the  provision  for  a s^iicrly 
successive  work  of  nonlinear  cascade/stages,  let  us  find  the  law  of  a 
change  in  the  resistance  of  nonlinear  cell/element.  For  this,  we 
utilize  the  equivalent  diagram  of  cascade/stage,  depicted  on  Fig.  19. 
On  this  diagram  R0  ~ the  common/general/total  lead  impedance  of 
cascade/stage  not  allowing  for  the  resistance  of  nonlinear 
ce  ll/element,  determined  by  the  expression 

i_  _ i l l . l 

*.x’ 


w here 


the  y?nMX  is  output  lamp  resistance; 


Rai  - the  entry  impedance  of  the  following  tube. 


Fcr  an  aperiodic  amplifier  the  resistance  of  Roe  is  absen 


Factor  cf  a mplif ica t ion  of  the  casca de/s ta ge 


K = S 


A’o  + ejl. 


(11-53) 


In  this  case,  output  potential  of  the  nonlinear  cascade/sta 

n — SU — — . (II- 54) 

1 /v  lie 


(11-54) 
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Fig-  19  shows  that  the  voltage  of  signal  cn  the  out  put /y ie  Id  of 
cascade/stage  is  completely  applied  to  nonlinear  cell/element , i . ■ 

(/*ux  = U»t«c.  In  the  work  cf  cascade/stage  in  linear  conditions  uhn 
entry  stress  varies  from  0 to  (7„Nl,  a output  potential  is  from  0 *o 

- KiUun,.  that  it  corresponds  tc  a change  in  the  relative  stres.se:-  x 
and  z from  0 to  1,  the  factor  ot  amplification  cf  cascade/stag  • mu:. • 
be  the  maximum  and  constant. 
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Fee  satisfaction  of  this  condition,  the  resistance  of  the  nonlinear 
ce 11/elemen t of  must  be  considerable  and  constant  and  ai  U-.  * :.ot 

shunt  plate  lead,  i.e.  , must  be  fulfilled  the  inequality 

i5>  A’u.  (11-55) 

Then  the  maximum  factor  of  amplification  of  the  cascade/st a qc 


X,  - SRU. 


(11-56) 


We  find  the  necessary  law  of  a charge  cl  the  resistance  of  *j.e 
nonlinear  cell/element  of  k,ie„u  depending  on  that  which  was  appli-.  d to 
it  the  vykhodnog  of  the  voltage  of  signal  at  the  work  of  cascad  /: 
in  logarithmic  mode.  This  corresponds  tc  a change  in  the  input 
voltage  from  UMl  to  f/„Xi‘  ==  D,(7„x,  and  output  voltage  from 
UKI,,  ;=  K f/„s,  (win  L\  + 1).  In  this  case,  relative  voltage  changes  from  xt 
= 1 to  x2  = 1),,  and  voltage  z is  from  z,  - 1 to  z2  - a In  D,  + 1. 
Utilizing  equations  (II—  3)  and  (11-54),  is  expressed  the  input  voit.ii 
by  the  output: 


' '"'ll 


? — I 

— U liX.fi  “ 


'“*11  - 


^I.I.1X||  («0  ‘I*  A-’miUii) 


(11-57) 

(11-53) 


Equating  the  right,  sides  of  these  expressions 


U„ 


2~  1 ^P1J.X||  ”1“  ^ IfCJt  j |1 


we  find  the  law  of  a change  in  the  resistance  of  the  nonlinear 


ce  1 1/e  le  me  nt 
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The  resistance  of  R,,t.Uj  in  the  successive  work  of  nonlinear 
cascade/stages  is  calculated  from  formula  (11-59)  for  the  relativ-- 
output  voltage  z#  which  varies  from  z t = 1 to  z2  = a 1 n D,  ♦ 1. 
Substituting  the  value  of  z in  expression  (11-59),  we  obtain  t.,.<  law 
of  a change  of  the  resistance  of  nonlinear  cel  1/element  depending  - 
the  input  voltage 


R 


R„  Ui  I rt  x + l ) 
x — u In  x — 1 ' 


(II -GO) 


Utilizing  expressions  (11-21)  and  (11-54) , analogously  we  tin! 
the  law  of  a change  of  the  resistance  of  nonlinear  cell/element  - h* 
week  of  cascade/stage  in  the  quasi- linear  mode/ccnd i t i ons 


’HI  D< 

— I (z  — a 111  — 1 + a)  — 1 


(11-61) 


For  the  calculation  of  the  resistance  of  R„cnm  accord  in  j re  t :.*• 
formula  (11-61)  necessary  of  the  value  cf  relative  output  voltag.  t.c. 
substitute  from  z2  that  it  corresponds  to  the  beginning  of  the 
guasi-linear  section  of  the  amplitude  characteristic  of  cascade/,  ta  :■  , 
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to  za  — 1 ittlnD,  | I,  which  corresponds  to  the  end/lead 
quasi-linear  section  of  the  amplitude  characteristic 
nonlinear  cascade/stage  of  n-cascade  amplifier. 

With  z >>  In  D, 
i 

6'  ’ 

SR0. 

After  substituting  expression  ( 1 1—  2 2)  into  equation  (11-61) 
will  obtain  the  law  of  a change  of  the  resistance  of  the-  nonlin* 
cell/element  of  A\v.im  depending  on  the  input  voltage 

-\ 

(U-62) 


R 


+ 0 + 1 ] 

v - u ' In  D,  - I -p  _ i 

\ *->  i/ 


A Ilf.!  [ 


since 


0.  = A't  = . 


of  t h e 
of  the  i 
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Fig.  20.  Given  curved  changes  in  the  resistance  o£  the  nonlinear 
cell/element,  which  shunts  the  plate  load  of  cascade/stage. 


Fig.  21.  The  simplified  circuit  of  cascade/stage  with  the  plat<  Joyi, 
Shunted  by  1st  type  nonlinear  div  ider/de  rotn  i na  t or . zh  Np  Fij.  2 - 
cepicts  curved  = calculated  irom  formulas  (11-59)  and  (1I-M) 

for  the  last/latter  nonlinear  cascade/stage  ‘ feur-stage  logarithmic 
amplifier  at  three  values  of  coefficient  of  a. 


FOOTNOTE  *.  The  number  of  nonlinear  cascade/stages  of  logarithmic 
amplifier  n can  be  any.  With  n = 4,  it  is  already  possible  suificient 
fully  tc  explain  the  character  of  the  curves  of 
EhDFCOTNOTE. 


During  the  calculation  is  taken  the  most  probable  case  Ki  = Dj  - V). 
Fcr  all  remaining  nonlinear  cascade/stages,  which  precede  the 


Cl- 19-77 


PA 


last/latter  cascade/sta g e,  the  curved  ~ f (2)  are  part  of  t h* 

«M1 

curves.  For  the  fourth  cascade/sta ye  of  *- W<7  HC  — flU  In  Dj  + 1=4 

10  ♦ 1 = 9.2  a ♦ 1. 

Curves,  depicted  on  Fig.  20,  can  be  used  during  the  calculation 
of  amplifiers  from  LAX  at  three  values  cf  base  cf  logarithm  N = 2.7; 
1C  and  50. 

With  the  shunting  of  plate  load  by  nonlinear  cell/element  tne 
range  c£  logarithmic  amplitude  characteristic  in  one  cascade/sta  : : • 

is  possible  tc  obtain  to  18-20  db.  consequent  ly , for  obtaining 
logarithmic  amplitude  characteristic  in  the  range  80-100  dB  it  is 
necessary  to  undertake  4-5  ncnlinear  cascad e/s ta ges  with  the  maximum 
factor  cf  amplification  K,  = Dt  - 18-20  dB. 

If  consecutively  with  nonlinear  cell/element  to  includ  e/co;n,t-c* 
the  effective  resistance  of  pu  as  shown  ir  Fig.  21  and  22,  tr.en  i^ 
added  one  additional  degree  of  freedom  in  a change  in  the  resist  arc. 
cf  ncnlinear  cell/element. 


93 

jivf  !• 
i 1 r 
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Fig-  22.  The  siaplified  circuit  of  cascade/stage  vitn  the  pi  a f 
shunted  by  2nd  type  nonlinear  divider/denoainatcr. 


Fig.  23.  Equivalent  diagram  of  cascade/stage  fcith  the  plate  1. 
shunted  by  1st  type  nonlinear  d i v ider/de qomina t c r. 


nonlinear  cell/element,  cf  connected  by  diagram  in  Fig.  21,  let  u. 
agree  to  call  1st  type  nonlinear  di v idet /de ncm i n at  or , upon  the 

switching  on  of  ce  1 1/el  e ice  nt  £ by  diagram  in  fig.  22  - by  2nd  type 
nonlinear  div ider/Je nomi na ter.  With  the  shunting  of  plate  loan  by 

nonlinear  di  vi  der/d  e noin  in  a tor  it  is  possible  to  entain  range  LA/  in 
one  cascade/stage  to  28-30  dP,  l. e. , considerably  more  than  in  the 
case  of  the  shunting  of  load  only  by  one  nonlinear  cell/element.  11. i 
makes  it  possible  to  effectively  utilize  tunes  with  a large 
s lo pe/ 1 ta nsconducta n ce  of  the  type  of  6J9P,  fcJllE,  6J20P  and  o*  h rs, 
with  the  aid  of  which  it  is  possible  to  obtain  the  large  factor  ot 
amplification  of  cascade/stage  at  frequencies  JC-bO  1Hz. 

Figure  23  depicts  the  equivalent  diagram  of  cascade/stage  with 
the  plate  load,  shunted  by  first  type  ncrlineat  di vider/den om in ator . 
The  factor  of  amplification  cf  this  cascade/stage 


For  the  aperiodic  amplifier  of  R„,  is  absent. 


Analogously  it  is  possible  to  find  that  the  resistance  of 


nonlinear  cell/element  in  the  work  cf  cascade/staq*’  in  logarithmic 
mode/condit ions  must  change  according  to  the  law 


F A 


Fig.  24.  Given  curved  changes  in  the  resistance  of  the  nonlinoat 
ce  1 1/e  leite  nt,  which  enters  the  composition  cl  1st  type 
civider/denominator. 


/.>  _ + A1,) 

~ 7Z=i • (H-64) 

(V— 
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Respectively  in  the  worn  of  cascade/st a ge  in  the  guasi-iin  11 
mcde/cond  it  ions 


Kn. 


,M  '■]/'; 


(Af„  + A'  ,) 


(11-65) 


1 -|-  rt)  --  I I A’UJt  r—  A’u  # . 


In  the  case  of  applying  tubes  with  the  high  the  entry  impeiat 
of  {k>\  1\)  expressions  (11-64)  and  (11-65)  are  simplified: 


W„  / , R, \ 

it  “ ’i  * T?r~/  > 


'“in  1 1 


- t.j  — a In  D\  ---  1 a) 


fi  i RA 
7 V r 7,7 


(II-  GG) 
(11-67.) 


From  expressions  (11-66)  and  (11-67)  it  fellows,  that  the 

resistarce  cf  /vA  affects  the  law  of  a change  in  the  resistance  o: 

nonlinear  cell/element  the  greater,  the  greater  the  ra tio/rela* ioi 
K. 

m ■■■■■■  r Figure  24  depicts  the  curved  for  the  fourth 

d /V  Q 

nonlinear  cascade/st ago,  calculated  frem  fotoulas  (11-66)  and  (!A-- 
for  different  values  of  m.  During  the  calculation  it  is  acccpt<  i 
Di  = 10  and  a = 1.  These  curves  can  be  used  for  the  calculation  ot 
the  fcui-stage  1 logarithmic  amplifier,  which  consists  of  nonlinear 
cascade/stages  with  the  plate  loads,  shunted  by  first  type  nonius  i 
div idet/de nominator s. 


FOOTNOTE  *.  For  the  calculation  of  the  amplifier,  which  consist  r 
the  number  of  cascade/stages  mote  than  four,  curves,  depicted  on  n 
24,  it  is  necessary  to  calculate  for  great  significance  ot  relative 
cut  jut  voltage.  ENDFOOTNOTF. 


01-19-77 


PAGE 

Fcr  this  purpose,  of  the  ordinate  of  curves  it  is  necessary  to 
multiply  by  the  concret  e/s  peci  t ic/act  ua  1 value  ct  resist  1 nc  • (■  0 . 

Curves,  shown  in  Fig.  20,  also  can  be  used  during  the  calculation 
this  type  of  logarithmic  amplifier,  tor  whicn  the  ordinate  ol  t i. 
curves  necessary  to  multiply  by  the  tactcr  of  the  1 + ) • 


*9 


The  equivalent  diagram  of  cascade/stage  with  the  plate  loan, 
shunted  by  second  type  nonlinear  di  v ider /de  n cini  nat  or , is  shown  r:>  I- 1 
25.  Taking  into  account  that  usually  is  fulfilled  the  inequality  o; 
RA  ■$.  R,x  (Ra  - unity  the  kilchn,  /<!„x  are  dozen  kilohm),  the  factor  : 

amplification  of  this  cascade/st age 

-T-  R„l.a 

where  value  R0  the  same  as  in  formula  (11-63). 

Analogously  the  resistance  of  nonlinear  cell/element  in  tn  we i < 
ct  cascade/stage  in  linear  conditions  must  be  the  minimum,  con.-.*'"* 
and  be  determined  by  the  expression 


R„ 


- SRJ^ 


K\ 


R0  — Ra  — const. 


(11-68) 


In  the  work  of  cascade/stage  in  logarithmic  mode/condition,  tin 

resistance  of  nonlinear  cell/element  must  grew/rise  with  an  incr  i. 

cf  signal  and  change  according  to  the  law 


D,z  l< «• 


(11-69) 


» 

k 
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For  the  selection  of  nonlinear  cel  1/e  le  ice  n t during  the 
calculation  of  cascade/stage  it  is  necessary  to  have  a dependent'  of 
R,< e.\  — f which  can  be  found  frotr  the  generalized  Impendence  ol 
Rhca  * ?(*««>,  where 


a rd 


' "»c  . 

■ UI.1X. 


~ uz:  = z~w. 


/'  / it  "e-’c 

0 - U,ux— — . 

A ,, 
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Fi9-  26.  Curved  changes  in  the  resistance  ct  the  nonlinear 
ce  1 1/e  It  me  n t , which  enters  the  composition  of  2nd  type 
divider/ denominator. 

Key:  (1)  ohm. 


01-19-77 
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/02~ 

Substituting  equation  (11-69)  in  expression  for  an  w 

...  r '■  ~!>-0 *•  o’-70) 

Respectively  rn  the  work  of  cascade/st  a ge  in  the  (uasi-iri.  i 
node/cor.dit  ions: 

S/!„R  ? n ( ,i  l). — I)  — 1 ) 

’ - Ru  ~*.v  (H-71) 

- ; - a (111  ^-l)~lJ-^-H  lj<.  (11-72) 

Fig.  26  depicts  curved  R,,e.i  ==  <j> (zHe^).  calculated  from  formulas 
(11-69)  and  (11-72)  for  the  last/latter  cascade/stage  of  five-stag- 
amplifier  from  LAX.  Tne  calculation  is  produced  tor  tne  cast:  i), 

K,  = 10;  7?h  = 3-104"  ohm;  S = 5.2  mA/V;  a = 1 at  ^cut  values  of  <_h- 

supplementa  ry  resistance  of  A>A  = 3-io3  ohm;  2.5«1C3  ohm;  2.2»10J  ohm; 

2.1 • 1 0 3 ohm.  From  the  figure  one  can  see  that  the  character  of  * ! • 
curves  of  ^nejic  = <f  (zIICJ1)  can  be  considerably  changed  by  changing  t re- 
value of  the  linear  resistance  of  di vider/de ro mi na tor.  The  law  e: 
change  in  the  resistance  ot  nonlinear  ce  11/e  lenient  [expression  (ll-t,9) 
and  (11-71)  ] alsc  largely  depends  on  plate  lead  F0  and  the  value  or 
the  maximum  factor  of  amplification  k1#  which  is  determined  by  the 
slope/transconductance  of  tube  and  by  the  resistances  of  R0,  RA  and 

Thus,  with  the  shunting  of  the  plate  lead  of  casca  d e/st  age  by 
seccnd  type  nonlinear  d i v ider/denominat cr  are  several  paths  ot  tl 
izmkha taktera  of  the  curves  of  R„We  — <p (z„M)  or  R, ,.„i;  - / (C',.Mc). 
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Fig.  27.  The  simplified  circuit  of  cascade/stage  wit  . the  nor.l.  :■  :: 
reverse/inverse  svyaz'yuyu  on  alteinating  current.  NP 

§ 4.  Applicatior./use  of  a nonlinear  feedback. 

To  regulate  the  factor  of  amplification  of  cascade/st  „i*r  a 

i 

increase  of  signal  possible  with  the  aid  of  active  nonlinear  n-  ,,jtiv 
feedback  on  peyemenncmu  current  or  voltage. 

Diagram  with  nonlinear  current  feedback. 


The  simplified  circuit  cf  cascade/stage  with  nonlinear  negativ 
feedback  on  alternating  current  is  depicted  cn  Fig.  27.  Nonlin  it 
feedback  is  realized  by  switching  on  in  parallel  to  the  rest  ft ; 
the  feedback  of  tne  Roc  of  the  nonlinear  cell/element  whose 
resistance  grow/rises  with  an  increase  by  it  of  the  vclt.. 

the  signal  of  if, ,0.,c.  On  constant  component  nonlinear  cell/el 

separated  from  cathode  by  the  isolating  capacitor  of  Cp. 
Amplification  factor  and  output  potential  ct  nonlinear  cascade/ 
are  respectively  egual  to: 


K = 


! • S'f 


u — u 

w KUX 11 


SR* 

l -{-  Sp  * 


(11-73) 


/// 
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uhere  the  P = r> — are  the  total  resistance  cf  feedback  oil 

'o  c r xuejic 

alternating  current. 

The  resistance  of  /?„  usually  is  undertaken  by  suf ticir-nf  ly 
large,  the  order  ot  3-6  coiias.  As  nonlinear  ce  1 l/o lem<~- n ts  also  c:a;i  i. 
used  vacuum  or  germanium  semiconductor  diodes  or  the  type  of  ;>a 

and  d9,  connected  by  the  corresponding  shape  (tig.  36). 

Let  us  find  the  dependences  on  which  must  change  the  resist  a net. 
cf  nonlinear  cell/element  from  the  applied  tc  it  voltage  of  signal. 

Page  56. 

In  the  work  cf  cascade/stage  in  linear  conditions  ( a mpl i f ica*  io ;•  of 
lew  signals  Iron  0 to  UfX)  the  factor  cf  amplification  of 
cascade/stage  must  be  the  maximum  and  constant,  i.e.. 


w here 


* i 


1 |- Spl 


const, 


p 


L 


A 


I1C/I, 


(11-74) 

(11-75) 


For  fulfilling  this  reguirement  the  resistance  of  the  nonlinear 


ce  11/e  le  me  nt  cf  A’,,,,,  must  be  the  minimu  n and  constant. 


In  tht  id^il 
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case  the  resistance  of  /<?MC.i,  aust  be  equal  tc  zero.  Then  p,  = V or.  . 
A'iM.ihc  — vS'A*,,.  Virtually  always  are  fulfilled  the  inequalities  of 
> 0 and  pt  > 0.  Consequently,  < 1.  The  lesser  the 

resistance  of  and  the  mutual  conductance  of  tube  S,  the  nearer 

approaches  unity  the  ratio/relation  of  the  i^1— • 

I MBKC 


The  determination  of  the  analytical  expression  of  the  la*  ot  a 
change  of  the  nonlinear  resistance  of  R»enc  = f(U ne.,c)  in  the  werk  c: 
cascade/stage  in  logarithmic  mode/conditions  difficultly,  sinc-r 
very  voltage  of  um„c  depends  on  the  value  of  the  nonlinear  resistance 


U 


ll-r/l,. 


(II-7C) 


Solving  together  equations  (II-3),  (11-7  1)  and  (11-76),  w 

the  c cup lex  transcendental  equation  which  can  te  solved  graphic  illy. 
Much  simpler  separate  to  find  analytical  expressions  tor  the 

dependence  of  7?,,^,,  = / (U,,x)  and  ((Jax),  a frem  them  tor  each 

concrete/specific/actual  case  to  graphically  determine  the  depend. nee 
cf  the  == 


Equating  the  right  sides  of  the  equation  ( 1 1— 3)  and  (11-73)  and 
introducing  the  relative  input  voltage  x»  taking  into  account 
expression  (11-74)  we  obtain 


SR 


SR, 


nr£;(nIn-';  + n- 


* 


A 


w hence 
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, (11-77) 

t he  /'  , 0 

! 1 • (1 1 -77a) 

S ubst  i t tit  i nq  e juition  (11-77)  in  expression  tor  p,  we  find  * 
law  according  to  which  iuo»  chaise  the  resistance  of  nonlinear 
ce  1 1/e  lenient  from  x in  the  work  of  cased  de/sta  ge  in  the  logarithm 
mod e/con d it  ions 


n r)  c_  I ! 

Ki't'-'n  : - r<  ~~ 

,xi>  c hi 


a(1  -!-  -Sc.,)  _ 
ii  I n x 1 


_ _ J j Uj  + A' Pi ) . 

c (I  III  A'  -|-  i 


sn~ (!!-78) 


Expression  (II-76)  it  is  possible  tc  record 

(11-79) 


_S?_ 

1 6'  P ’ 


where  the  - the  relative  voltage  of  signal  on  nonline. i. 

^ I1X  . 

ce  1 1/e  levent. 


Substituting  expression  (11-77)  in  equation  (11-79) , we  out  , 


viie7ij  | 


Xj'  J S',,)  — U III  X — I 

i i .s>, 


(I  I -SO) 


In  this  case 


I IliNWI 
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U ue-iC!  i — r ^hcji||  UMr  ■ (11-81) 

Hith  the  R iie.T,  — 0 


PAUL 


Jtue^n  ~ x — « In  x — 1. 

Let  us  find  the  appropriate  expressions  for  an  /?««,,,  = /(*)  and 
Xne/i,,,  = ?(*)  at  the  work  of  nonlinear  cascade/st a ce  in  quasi- linear 
aode/condit ions.  Equating  the  right  sides  of  the  equations  (II -/l) 
and  (11-73)  and  introducing  relative  input  voltage,  we  obtain 


X 

i - si 


i_  r 

i — s 


whence 


['in 


— \a  In  D,  + 1 — a + a ~j , 

h I 1 !■> l J 

x(l+  So,) 


a In0!+  — I J + 1 


-1  • 


(11-82) 
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Substituting  equation  (11-82)  in  expression  tor  p , w- 


R„ 




i(i  -t 

a ( !n  D i -f  o 

■ • ^ i 

s.-2-i 



“■'j 

/ 

o ! In  D | 

> -M 


(11-83) 
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After  the  substitution  of  expression  (11-82)  into  eguati  >:. 
(11-79)  we  obtain 


^ lie. 


J,lll 


x(l  f .S>,)  — a (in  D,  + -L  _ ) j _ 1 


I I S.,, 


(11-84) 


In  this  case 


From  expressions  (11-78)  and  (11-83)  it  is  evident  that  uj ■ >:.  tl 
inclusion  cf  nonlinear  cell/element  into  the  cathode  circuit  of 
cascade/stage  the  law  of  a change  m its  resistance  depends  on 
slope/transconductan  ce  S,  i.e.,  on  the  type  c£  tube,  value  ot  t-  i, 
resistance  of  the  feedback  of  AJU  c,  which  shunts  nonlinear 
cell/element,  furthermore,  depends  on  the  value  cf  the  initial  total 
resistance  of  feedback  p, , .i.e.,  on  the  value  of  the  initial 
resistance  of  the  nelineyynogo  cell/element  cf  R„e.,,,  which  in  rurr, 
depends  on  the  stress  level  of  nixing  or  nonlinear  cell/element. 

Thus,  in  this  case  are  three  degrees  ot  freedom  in  a change  in  t!v  1 -w 
cf  the  '•  , , , /' (.pi. 

The  dependence  of  AV..,,,  ,,,"/(( 7;ieJ,t)  they  calculate  in  the  iollowir  , 
crder.  First  they  determine  and  are  constructed  the  curve/ graphs  ot 
A,  , n / i-O  and  .v, , , , , lt  = y (•'•')  Then  on  these  curve/graphs  plot  : 
curv*  at.  in  ,|(JtM«ji).  which  utilizes  for  the  plotting  of  cut  v<  s >. 

A’ih-a,,.  „|  f=  /(f/nc;.c)  at  the  different  values  of  the  UHX,. 

In  Fig.  28  are  depicted  curved  - fix)  and  an  . ,d, 

calculated  from  formulas  (II-7»)  and  (11-80),  fer  case  of  a = 1;  p, 

100  ohm;  S = 5.2  mA/V;  R,  c — 3,4  and  5 ccmas. 


i 
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Fig.  28.  Curved  = /(*)  and  j = f (*)  for  the  logarithmic  sec 

the  amplitude  characteristic  ct  cascade/stage. 

Key:  (1)  ohm.  (2)  comas. 


Fig.  29.  Curved  changes  in  the  resistance  cf 

^nejijl,  in  “ f 1 

P,  — const;  RQ  c — var; 

Ho,  c — const;  p4  *»  v.ir. 


x ion  < 


Key 


(1)  ohm.  (2)  comas 
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Figure  29  depicts  curved  R„tJ,u  n|  =?=  f (x„ejl),  calculated  and 
constructed  for  the  different  values  of  the  resistance  o*  a.i<ij  iT  ♦ 
constant  value  of  resistance  pj  = 100  ohm  (unbroken  curves)  , an  ; il 
for  the  different  values  of  resistance  pt  at  the  constant  v,'i]u*  ■ ♦ 

resistance  of  the  R0  c = 4 of  comas  (dashed  curves).  During  re- 
calculation of  curves,  it  is  accepted:  a = 1;  S = 5.2  mA/V  ; 0,  S , 

10  or  Dj  = 20  dB.  value  x varied  from  1 to  100,  which  corresponds  to 

the  operating  mode  of  the  last/latter  linear  cascade/stage  of 
five-stage  logarithmic  amplifier  during  a change  in  the  entry  stre::c 
of  amplifier  in  the  logarithmic  range  D = 5 Ej. 


Figure  29  shows,  that  the  greater  the  resistance  of  Ru.  c,  *it: 
the  facts  within  limit  inferiors  must  change  the  resistance  of 
nonlinear  cell/element  with  those  very  limits  cf  a change  ir.  th. 

signal.  From  the  viewpoint  cf  the  provision  for  the  necessary  1 ini* 
of  a change  in  the  resistance  of  nonlinear  cell/element,  it  is 

expedient  to  undertake  the  the  largest  possible  resistance  of  Ro.  c. 
The  requirement  for  the  hiqh  resistance  cf  Ra.  c especially  nLonoupcs 
with  coefficient  of  a < 1,  i.e.,  when  the  logarithmic  operation  : v 
stress  in  cascade/stage  it  is  conducted  with  the  foundation,  gr  at  i 
than  Naperian  base.  With  a < 1,  required  limits  of  a change  ir 
resistance  of  the  nonlinear  celi/element  of  will  be 

considerably  greater  than  this  shown  in  Fig.  29. 


Eage  60. 


But  too  high  a resistance  of  R0  c 


to  undertake  is  inexpMi-  r.t 


i i i 
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cn  it  will  be  separate/liberated  h 1 g h dir ect/constant  voltage  ; c r ■.  u. 
o t the  course  of  tne  feed  current  cl  tube,  which  will  lead  to  t. 
cf  applying  ct  anode  power  supply  with  high  stresses.  Especially  T i. 
phenomenon  is  perceptible  when  using  tubes  with  a lar j“ 
s lo pe/ 1 ra nsc ond ucta n ce  of  the  type  of  6JSP,  6J2  0F,  6J11P,  6J21P  w:  ir.. 
have  large  anode  current. 


The  diagram  in  guestion  makes  it  possible  tc  carry  out  a srii'-tly 
successive  work  of  nonlinear  cascade/stages  and  to  obtain  the  LAX  oi 
the  n-cascade  amplifier  cf  high  accuracy. 


Diagram  with  nonlinear  voltage  feedback 


The  simplified  circuit  of  cascade/stage  with  nonlinear  neg.fivt 
voltage  feedback  is  depicted  cn  Fig.  30.  During  the  fulfillment  oi 


the  inequalities  of 


A’c  and  Rt\  R„  the  factor  of 


amplification  of  the  cascade/stage 


(11-36) 


where  the  — the  transmission  factor  cf  feedback  loop, 

l'nv,c  /?' 

which  for  the  sake  of  simplicity  in  the  analysis  we  consider  ;•  a l ; 

1 .L  L • 

/<;.  *c  1 Rt  ■ Rm ' 

Rv  are  an  internal  impedance  of  the  scurce  of  signal;  Ki  --  p0 
- the  maximum  tactor  of  amplification  of  cascade/stage  it;  the 
of  negative  feedback,  i.e.  , when  R,ua~  co  ana  p = 0. 


C 1-1  9-7  7 


Output  potential  of  the  cascade/stage 


Ue 


— ax  'n 
A 


*«  ■>  *;>: 


(11-87) 
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Let  us  find  the  law  governing  a change  in  the  impedance  o: 
nonlinear  cel 1/elera ent , required  £oi  providing  a successive  work  eT 
nonlinear  cascade/stages. 


■ 
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During  the  amplification  of  low  signals,  i.e.,  in  the  worr.  c‘ 
cascade/stage  in  lineal  conditions,  the  feedback  must  no  0-0. 
is  possible,  it  the  impedance  of  Ruwc  greatly  approaches  infinity 


Utilizing  expressions  (11-3)  and  (11-87),  in  a known  marn-i  we 
find  the  dependence  of  Ruei,tl—f(z)  in  the  work  of  cascade/st  a gt  i i.  th< 
logarithmic  mode/conditions 


-K(-g A.  an* 


since  Ks  = D,- 


For  the  calculation  of  cascade/stage,  is  required  the  depen  icnc* 
cf  Rn<ui.  = <?(*««*).  In  this  case 


*HW,  = 


-dpK' (II-89> 


' 


n 

ft  ..  u' 

'»IC/IC  ' y'c 


Substituting  expression  (LI-88)  in  equation  (11-89),  we  owtei: 


■(Oi-y  " +0 


(11-90) 


In  the  work  of  nonlinear  cascade/st age  in  the  quasi-lineat 


ra ode/con  dit ions: 


In  order  to  calculate  the  dependence  of  the  i‘ 

necessary  to  preliminarily  calculate  frcm  formulas  (II-B8),  (II-'IC 
(11-91)  and  (11-92)  and  to  construct  curved  / (?)  and 

from  which  then  are  constructed  curved  ; i?,,..,).  Figure  31 

H .'.i,  ^ lie. ' 

depicts  curved  —fir  — f (?)  (unbroken  curve)  and  the  —j~  :=<p(?m,)  (da 
curve) , calculated  from  the  indicated  procedure  for  case  of  a = 1; 

- D,  = 10.  Die  calculation  is  produced  for  the  last/latter 
cascade/stage  of  five-stage  logarithmic  amplifier.  From  expres^D 
(11-88)  ana  (11-91)  it  is  evident  that  the  character  of  the  cul v> 
R„.  ,c  — - (-’ueji)  can  be  changed  by  changing  the  value  of  the  impedance 
/v’'-.  Curves,  given  in  Fig.  31,  it  is  possible  to  utilize  during 
calculation  of  the  amplifier  from  LAX,  which  amplifies  signal 
according  to  the  law  of  natural  logarithm.  For  this,  the  ordinal 

it 

the  curve  of  — ? (?i,e.i)  must  be  multiplied  by  the  rated  vilue  ei 

impedance  of  Ri. 

§ 5.  Requirements  for  nonlinear  cell/elements.  Calculation  or  r> 
entry  impedance  of  nonlinear  ce 11/eleme rt . 

The  requirements,  pred  ’ yav  1 yaemye  tc  nonlinear  cell/elt  i-’nt., 
be  divided  into  com mon/ genera  1/ tota  1 , these  which  not  depend  or. 
circuit  solution,  and  quotients,  determined  ty  circuit  solution- 
general  requirements  include  the  following: 

1)  the  static  cnaracter  ist  ics  of  the  nonlinear  cell/el  cinoi  , 
connected  in  the  different  c ascade/stages  of  n-cascade  amplifi , 
must  be  identical,  i.e.  , nonlinear  ccll/elements  must  have  small 
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spread  of  parameth; 

2)  t.he  parameters  of  nonlinear  cell/elements  must  be  staoi  in 
time  and  during  a change  in  the  ambient  temperature; 

3)  nonlinear  cell/elements  they  must  have  small  intore  lect  rode 
capacitances,  that  especially  importantly  during  the  creation  o: 
troaeband  logarithmic  amplifiers; 


4)  nonlinear  cell/elements  they  must  have  high  reliability; 


5)  nonlinear  ce  11/element  s they  must  have  snail  overall  sf<’1  • , a 
weight  and  a cost. 


Page  t>  3 . 

The  first  requirement  is  provided  ty  the  preliminary  sel-'rri 
nonlinear  cell/elements.  The  procedure  for  the  selection  of  nor,  li\ 
cc  ll/elements  during  the  different  circuit  solutions  of  obtainir.  . : ■ 

is  somewhat  is  different  and  examined  in  the  subsequent  ill  an.  XV 
chapters  during  the  analysis  of  one  or  the  ether 
concrete/specific/actual  diagram  of  logarithmic  amplifier. 

Requirement  the  stabilities  of  the  parameters  in  time  t 
greatest  measure  satisfy  the  semiconductor  diodes  which  m cornu  -rr. 
with  vacuum  have  considerably  larger  service  life.  The  re  q ui  r m 
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£cr  the  stability  of  the  parameters  during  a change  in  the  ambient 
temperature,  on  the  contrary,  in  larger  degree  satisfy  vacuum-tu:* 
diodes.  From  semiconductor  diodes  this  reguirement  in  the  gieat-s*. 
measure  satisfy  silicon  semiconductor  dicdes  of  the  type  of  FjIOI, 
D102,  D101A,  D102A  etc.,  which  have  the  maximum  operating  temperature- 
to  150°C.  From  this  viewpoint,  they  arc  meet  premising  of  all  typer 
c£  semiconductor  diodes. 


The  third,  fourth  and  fifth  reg  u iL  e me  n t s tc  larger  degree  : at  j.»; 
semiconductor  diodes. 

Let  us  examine  the  particular  regu i teme nt s , determined  by 
ccncre te/specif ic/actual  circuit  solutions. 

Requirements,  imposed  for  nonlinear  cell/elements  with  - n - 
pclucheni  of  LAX  by  means  of  the  shunting  of  the  plate  load  of 
cascade/stage  only  by  nonlinear  cell/element,  by  first  type  nonlii  r 
divider/denominator  and  when  using  nonlinear  voltage  feedback.  in  • 
enumerated  three  cases  or  circuit  solution  tc  nonlinear  cell/e]  »-•  ir - • r 
is  presented  one  general  requirement,  namely:  the  impedance  of 

nonlinear  cell/element  with  low  signals  must  be  greatly,  and  with  m 
increase  in  the  signal  - must  decrease. 
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Fig.  32.  The  static  characteristics  of  the  nonlinear  cell/elemer. t : 1 

- without  cutoff  voltage;  2 - with  cutoff  voltage. 
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Fig.  33.  Switchings  on  of  nonlinear  ce  1 1/e  laments  with  the  shum  t' 
of  the  plate  load  of  cascade/stage. 
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In  this  case,  tor  providing  a successive  work  ct  cascad^/st  a j e:  , 
nonlinear  cel  1/elem ent  must  satisfy  the  following  requirements: 

1.  In  the  work  of  cascade/sta ge  in  lineal  conditions  the 
impedance  of  nonlinear  ce 1 1/ele ment  must  be  greatly  and  constantly  tc 
the  value  of  voltage  on  it 

^ ULiX , “ UBXl  Kj. 

For  fulfilling  this  requirement  nonlinear  cell/element  it  iu.-t 
have  sharp  current  cutoff  with  the  voltage  on  it  of  UBUX„  that  1+  im- 
possible to  obtain  by  supply  to  the  nonlinear  ce  11/element.  of  t'n- 
cutoff  voltage  of  the  E3BnM„>  of  the  numerically  equal  UBUX>. 

Fig.  32  depicts  the  static  characteristics  cf  semiconductor  : cu 
without  cutoff  voltage  (is  curve  1)  and  with  that  which  lock  (r  cu:v 
2).  Figure  33,  a and  b shows  the  circuit  scluticns  of  the  supply  of 
tne  cutoff  voltage  of  in  the  case  of  the  amplification  of 

harmonic  oscillations.  The  diode  D,  in  Fig.  33a  is  worker  tor  Tr. 
negative  half-wave  of  voltage,  diode  it  is  ter  a positive 
half-wave.  In  the  case  of  the  amplification  of  video  pulses,  i 
included  one  diode. 

2.  In  the  work  of  cascade/stage  in  logarithmic  mode/condi t iot . , 
the  impedance  of  nonlinear  cell/element  must  change  according  to  th- 
law,  expressed  with  formula  (11-60)  either  (11-64)  in  the  case  oi 
shunting  of  plate  load  by  nonlinear  cell/eleraent  (first  type  nor  lit-  - i 
div ider/denominator)  or  cn  (II-8H)  in  the  case  cf  applying  nonlii.o: 
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For  fulfilling  this  requirement,  it.  is  necessary  that  the  nonlir 
section  of  the  volt-ampere  characteristic  of  nonlinear  cell/. -1  .1 
which  ensures  LAX  ot  cascade/st  aije,  would  stretch  from  ti;e  v<  1* 
U„'„C  ^UB ijk,  to  the  voltage  of  y»(,Ci  = Uaux,  = t/oux,  (alnD  + I)  11  t: 

first  two  cases  and  from  the  voltage  of  tc  the  volt.ag' 


(a,nDl+,)(D'~^~rr  + I)  ' 

u"enc,  — ^ (1 1-93) 


in  the  third  case. 


3.  In  the  worK  of  the  i nonlinear  cascad  e/st.  ago  in  qu  ai i- 1 
mode/ccndit ions  the  impedance  cf  nonlinear  cell/element  in  the  1 
two  cases  must  change  according  to  the  law  (11-61)  either  (II-6'j 
during  a change  in  the  voltage  of  signal  on  it  from  U,KJ,C<  to 

Umj,  = UttaXl(ia\nD  + 1)  or  according  tc  the  law  (11-91)  in  th. 
case  during  a change  in  the  voltage  ot  signal  on  it  from  U;ICJ,C 


I 


£A',e„Ci  = Wbux,  (mln/Vh  1)  (t- 


(i—  1)  InDi  -f-  1 I_ 

mlnOt  +1  1 D, 


(11-94) 


Fig.  34  depicts  the  volt-amperes  characteristic  of  some  non. 
cel  1/e leme n ts . one  of  the  requirements,  imposed  to  static 
characteristic,  is  the  presence  in  the  beginning  of  the  chariot.,  t 
cf  the  sharply  pronounced  nonlinear  section  with  large 
slope/ transconducta nee,  which  gradually  passes  ever  to  linear, 
adequate  from  this  viewpoint  ate  the  germanium  semiconductor  ai. 


" ^ 
/*i 


1 • 1 1 


I.Uu 


i 1 H'M  1 
:ist  u: 

lost, 
id.  O’ 


the  type  of  DGQ1DGQ10,  D2A-D2J,  D9A-D9J  and  the  silicon  seat  io  ir.  uuc.  1 01 
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diodes  cl  the  type  of  0101,  D102,  D101A  etc. 

Page  66. 

It  should  be  noted  that  in  the  slope/ 1 r a r.scond  u ctance  of  the  ii.  i t ; j ] 
nonlinear  section  the  character ist  ic^  ot  diodes  cf  the  type  P9 
approach  characteristics  ot  diodes  of  the  type  cf  D202.  Silicon 
diodes  of  the  type  of  D101  and  D102  have  very  snail  mutual  cond  act  a 
in  the  initial  section  to  voltages  0.1-C.2  in;  with  high  voltage-  th* 
mutual  conductance  sharply  gtow/rises. 

Diodes  of  the  type  of  C202  and  DG-Q21  - DG-Q2J  have  very  lai 
mutual  conductance  in  the  initial  section,  but  are  unsuitable  u. 
cesult  of  the  large  stray  capacitance  which  reaches  50  pF.  DouLl' 
ciodes  ct  the  type  of  6X6  and  miniature/small  diodes  of  the  cl 

6X2P  are  unsuitacle  as  a result  of  the  weakly  expressed  nonlin  an 
section  in  the  beginning  of  static  characteristic  and  small 
slope/transconductance  on  nonlinear  section.  Tubes  of  the  typ~*  ot 
6nJP  and  6N15P  in  diode  switching  on  have  scuewhat  fcetter/be.-t. 
indices,  than  the  diodes  of  6X6  and  6X2F,  but  they  all  the  sarK  n 
their  parameters  are  infericr  to  germanium  a rd  silicon  semi cond uc • h 
d iodes. 

The  application/use  of  semiconductor  diodes  as  nonlinear 
ce  1 1/elemen ts  in  comparison  with  double  diodes  ard  the  tube:-,  u’ili. 
as  diodes,  most  is  rational  both  in  the  structural/design  relation 
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in  the  relation  to  the  introduced  capac 1 1 a nee/ ca paci ty , whic.  t 
especially  important  in  designing  wideband  aaplifiers. 


Requirements,  imposed  for  nonlinear  ce  1 1/elements  in  ol  f i:  i.  ir  j 
LAX  by  means  or  the  shunting  of  plate  lead  ty  second  type  ncr.li  .1  : 
div idec/denominator  and  when  using  a current  feedback. 


In  these  cases  of  circuit  solution  to  nonlinear  cell/cl  -m-  nt:  , ; 
presented  one  general  requirement,  namely:  tne  impedance  of  ir  rliu 

cel  1/elemen  t with  lew  signals  must  be  little,  and  wrth  in  ir.ci  j . ■ .i 
the  signal  - must  grow/rise.  As  nonlinear  cell/elements  it  i ; 
possible  to  utilize  germanium  semiconductor  diodes  or  the  type  t 

EG-C,  12,  09  and  silicon  diodes  of  the  type  cf  D 10 1,  l)10d  eh-.  !t 
order  that  the  impedance  of  diode  would  grow/rise  with  an  inert  ».t  <>: 

the  applied  to  it  voltage  of  signal,  it  is  necessary  diodes  to  .wife, 
cn  on  the  scheme  of  Fig.  35  in  the  case  cf  the  amplification  of  vi : . 
pulses  and  by  diagram  in  Fig.  36  in  the  case  of  the  amplification  of 
sinusoidal  oscil  la  t ions . Impedance  R is  included  in  order  that  ♦ t.  « 
source  of  bias  voltage  would  not  shunt  nonlinear  cell/element. 


Cl- 19- 7 7 


p A i : ; ■ 


Fage  67. 


n 


Fig.  35.  Inclusions  of  nonlinear  ce  11/t le ire nt s in  the  diagram  o 
amplification  with  feedback  cn  current  fcr  the  video  pulses:  a) 
positive;  b)  negative. 


Fig.  36.  Inclusion  of  nonlinear  cel 1/elements  in  the  diagram  »: 
amplification  of  radio  pulses  with  reedfcack  cn  current. 


I 
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On  impedances  R*  and  8'1  f low/lasts  direct  current  and  tic-ref  / 


created  tias  voltage  on  nonlinear  ce  11/e  le  me  r t s C,  anl  D2. 


supplementary  impedance  of  sometimes  is  connected  toi  1 chan-:* 


in  the  dynamic  voit-ampere  L.,aracter  ist  ic  cf  nonlinear  c * 1 1 /I  ■■■  r ’ . 


Let  us  examine'  the  work  of  the  nonlinear  ce  11/e  lamer,  t s , c >;'■<• 


by  diagram  in  tig.  36-  To  dioues  Ei  and  D2,  is  supplied  th.-  ' . i*  lv 


constant  bias  voltage  of  £cm,i<m1'.  If  diodes  are  inclula/conn  ect  ■■  iy 


reversed  polarities,  then  on  them  it  is  necessary  to  supply  n 


bias  voltage.  In  this  case,  the  effect  will  be  cbtained  such,  a.  : r. 


the  case  of  the  supply  of  the  positive  voltage  ct  the  /ic 


During  the  supplying  of  the  voltage  of  operating  p i;.*  , 


on  the  static  volt-ampere  characteristic  of  diode  D,  is 


. si  1 an*  .i 


the  left,  while  to  the  that  of  diode  D2  it  is  displaced  to  H ■ r ; ; t. 1 


(Fig.  37a).  With  identical  diodes  Ej  and  L2,  the  displacement  cf 


operating  points  ot  and  02  is  equal. 


mm* 
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Per  the  positive  half-wave  of  the  signal  of  the  aaaaa  of  thar  1 , 
isolated  on  norilinear  call/pleacnts,  as  working  nonlinear  cell/ 
serves  the  diode  Dlt  while  ter  the  negative  half-wave  of  signal,  jt 
serves  diode  D2.  In  the  case  of  the  amplification  of  video  j ul  . , i., 
utilized  the  cnly  one  diode  and  to  examine  necessary  only  or.t  of  • 
static  characteristics,  depicted  on  Pig.  37a.  With  identical 
nonlinear  cell/e lements  dynamic  volt-amperes  c haracter istic  for  not: 
cell/elements  are  identical  and  have  a form,  depicted  on  Fig.  17!  . 

The  dynamic  volt-ampere  characteristic  cf  nonlinear  cell/’  * 

let  us  agree  to  call  the  deptndei.ee  of  the  value  or  the  prompt  c;i:n 
of  the  /„„t  f (6'H*j!C),  of  that  taking  place  through  the  nonlineal 
cell/element,  from  the  stress  level  of  the  signal  of  the  , of  t n.  • 

applied  to  nonlinear  ce il/element.  This  ferm  of  dynamic 
character  istic  at  the  low  values  of  the  voltage  ct  L'„^f  causes  -;o 
lew  values  of  the  impedance  of  the  nonlinear  ce  1 1/element  of  R„eJ,c,  a 
at  great  significance  of  l/„eJlc  - great  significance  of  the 

In  the  case  of  the  shunting  of  the  plate  lead  of  cascade/: 
second  type  nonlinear  di  v i der/deno  ir  i na  t c r fci  the  realization  of  t 
strictly  successive  work  cf  cascade/stages  nonlinear  ce  11/e  le me  n t , t 
satisfy  the  following  requirements: 

1.  In  tne  work  of  cascade/sta ge  in  linear  conditions,  the 
impedance  of  nonlinear  cell/element  must  be  constant  and  equal  t). 
value,  determined  by  expression  ( 1 1 — 1>  3 ) , during  a change  in  th 
voltage  of  signal  on  nonlinear  celi/ele me nt  from  0 to 
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Mc,  — U »«*,  [ — jf  — 1 ) . (1 1-95) 


2.  In  the  work  of  cascade/st  age  in  logarithmic  mode/co  i.  1 1 • : o : - 

the  impedance  of  nonlinear  cell/element  just  change  according  t ■:  t.** 
law,  tcund  by  graphic  plotting  ot  curves  (11-69)  and  (11-70).  T : «- 
voltage  of  signal  on  nonlinear  cell/element  varies  from  fAle,,Ci  tc 


6',:eJ,c,  -y«N».(“!nD1+  ^(uinoi+l  (11‘9G) 


3.  In  the  work  ot  the  i cascade/stage  an  guasi-linear 
mcde/cond itions,  the  impedance  of  nonlinear  eell/elemer.t  urns’-  rial: 

on  the  sakonu,  found  by  ccnsistert  plotting  cf  curves  (11-7  1)  a:  1 
(11-72).  The  voltage  of  signal  cn  nonlinear  ce  1 i/element  van*  . :lcj. 

Ume  to 


(rolnDj  + 1)  x 

v f^o  [(/ — !>  InO,  + 1)  _ R£_  ,1 
lulnlii  -t- 1 A’a  j 


(11-97) 


The  nonlinear  cell/el  emen  t. , the  back-out  resistor  of  f emitaci-.  i; 
cathode  circuit,  for  obtaining  the  amplitude  characteristic  cf 

cascade/stage,  which  ensures  the  strictly  successive  work  ot  th 
cascade/sta ges  of  n- cascade  amplifier,  it  must  satisfy  the  folic wing 
requirements: 


k 
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1.  In  the  work  of  cascade/stage  in  linear  conditions,  the 
impedance  of  nonlinear  cascade/stage  must  be  little  and  cor.  st  a n * 1 ..  1 > 

the  value  of  the  voltage  of  signal  on  it 


,yBx.  = ua 


So  i 


x*  1 + SPi  ’ 

in  order  that  the  common  initial  impedance  of  feedback  p,  wcu I : 
minimum  and  constant,  out  the  factor  cf  amp  li£ ication  of  ca  scad  /.  * ~i 

was  maximum  and  constant.  For  fulfilling  this  requirement  nci.lin  i. 
cell/element  to  dolz hen i net ' rectilinear  dynamic  volt-ampere 
characteristic  with  large  slope/transconductance  on  the  section  : 
change  in  the  voltage  of  signal  on  it  from  0 tc  the  ^Hej>Ci. 


2.  In  the  work  of  cascade/stage  in  logarithmic  modVconditi 
the  impedance  of  nonlinear  ce 11/ele me nt  must  change  according  t • ■ 

law,  feund  by  graphic  plotting  of  curves  (11—78)  and  (11-80). 

Page  7 C . 

The  voltage  of  signal  on  nonlinear  cell/elcment  varies  from  UUl!nc 


/>,  ( ! 


■Sf-i)  — 17  lnDi  ■ 

i + 


(1 1*98) 


3.  In  the  work  of  the  i cascade/stage  in  quasi- li  ni»a  r 
mode/cond  itions,  the  impedance  or  nonlinear  cel  1/e  lenient  mu.;*  oi  it 

according  to  the  law,  found  by  ccnsistert  plotting  of  curves  {.  I-  '.) 
and  (11-84)  . The  voltage  of  signal  on  nonlinear  cel  l/eLemen*  , 

from  the  voltage  of  L/„eJ ,c>  to 


r 
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L'„,^  = fjM  l f)i  i,y  __J)a  ]n  1 , __ 

nil]/;,  i - u-!.  i-l/f'  --  Ha  In  t'i  -f-  i|j 

~rs>; /•  (H-OO) 

For  fulfilling  the  first  and  second  requirements  necessary  * 
the  dynamic  volt-ampere  characteristic  cf  ncrlinear  ce  11/el  amer.  t 
during  an  increase  on  it  in  the  voltage  cf  signal  sharply  would  1 
from  the  axis  of  ordinates.  The  slope/t  ra  nscond  uctmce  of  the 
deviation  of  characteristic  it  depends  on  the  value  of  the  imp -rie; 
of  At , and  must  to  be  the  more  greater,  the  less  this  impedanc  . 

Calculation  of  the  entry  impedance  of  nonlinear  ce 11/elemen t. 


Under  the  entry  impedance  of  nonlinear  cell/element 
(semiconduc tot  or  vacuum-tube  diode)  in  the  case  of  resonance  sv. 
and  sinusoidal  oscillations,  one  should  understand  the  ratio  or  - 
amplitude  of  the  applied  voltage  of  U m to  the  amplitude  ot  th 
current  of  the  fundamental  harmonic  of  the  l„„ 


(11-100) 


The  entry  impedance  of  nonlinear  ccll/element  in  the  ca. 
aperiodic  system  can  be  determined  irom  the  fornula 


oi 


^HX  - ■ ^?lli:xc  --  J~ 


(11-101) 


133 


. 1 1 


where  the  U„e„c  is  amplitude  ot  sine  voltage  during  sinusoidal 
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oscillations  ol  the  amplitude  ot  the  video  pulse  of  voltage  due.' 
amplification  of  video  pulses; 

/Hei_  the  amplitude  of  the  current,  which  takes  place  throuqn  t 
nonlinear  cell/element  (fig-  37a). 

Fage  7 1. 

The  amplitude  of  the  fundamental  harmonic  cf  the  current, 
takes  place  through  the  nonlinear  ce  1 1/e  leme  n t , connected  by  i i -i  ; r i ;i 
in  Fig.  33,  it  is  possible  to  determine  ty  the  static  volt-amp  i> 
characteristic  of  ce  11/eiesent,  which  it  is  possible  to  find  in 

handbook  or  to  remove/take  it  is  ex  per i menta 1 . It  nonlinear 
cell/elements  are  included  by  diagram  in  Fig.  35,  then  trie  an,p’  irur 
of  the  fundamental  harmonic  cf  the  current,  which  takes  place  theme 
the  cell/element,  can  be  found  only  from  the  dynamic  volt-ampere 
characteristic  of  this  cell/element,  but  it  ty  diagram  in  Fig.  36, 
then  - according  to  the  dynamic  characteristic  cf  equivalent  nonlir"  u 
cell/element.  Equivalent  nonlinear  cell/element  let  us  agree  tc  call 
the  cell/element,  which  consists  ot  two  diodes  Dj  and  D2,  conne  c 1 i: 
series  and  contrarily  on  polarity  (Fig.  36).  Impedances  R ' ant  '» 
are  selected  by  sufficiently  large  (dozer  kiiohn)  and  in  effect  do  not 
affect  dynamic  characteristics.  It  should  be  noted  that  with  t n*  U,,e.v 
considerable  voltages  of  /?„c.„c  when  the  impedance  of  the  diode  ot 
aaaaa  greatly  composes  hundred  kilohm,  tc  dynamic  characteristic  • . i 
certain  degree,  affects  impedance  R'.  Eut  since  impedance  R'  incliK'e: 


: 
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in  parallel  to  the  impedance  of  the  feedback  of  /<>„  c (see  Fig-  d)  mo 
usually  is  made  the  ineguality  of  R > R„.  c,  that  by  the  effect  o t 
impedance  R'  ou  the  dynamic  chaiactenst  ic  of  equivalent  nonlinear 
cell/element  it  is  possible  to  disregard. 

The  procedure  for  the  construction  cf  the  dynamic  volt -a  mpor. 
characteristic  of  the  /„M<:  =f(Uwt{.)  of  the  equivalent  nonlinear 
cell/el  emen  t.r  wnich  consists  of  twc  diodes,  is  shown  in  Fig.  37. 

Let  us  examine  this  procedure.  First  die  constructed  the  ,;rarii 
vclt-amperes  characteristic  of  aiodes  D,  ana  D?  (Fig.  J7a)  . Tb  -n  lor 
this  value  of  the  voltage  of  being  given  the  values  of  ♦: 

voltage  of  the  signal  of  identical  polarity  cn  separa  te/md  i vni  ua  ^ 
diodes,,  are  constructed  the  dynamic  characteristics  of  /„»*  = fl{UMC„c  ) 
and  lm*C'=ft(U HMti)  for  diodes  D,  and  D2. 


Fig.  38.  Dynamic  volt-amperes  characteristic  of  equivalent  nonlu.'^i 
cel  1/e  le me  n t. 

Key:  (1).  V.  (2)  ohm. 


I 
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The  dynamic  characteristic  of  equivalent  nonlinear  cell/ele nent  1 
constructed  according  to  the  dynamic  characteristics  of  diod* : .y 

method  of  the  combined  ordinates  whose  essence  briefly  entails  tuc 
fcllcwinq.  Since  the  diodes  D , and  D2  are  connected  in  series,  fo 
each  value  of  the  current  of  the  /HeJI  of  that  taking  place  thioug 
both  diodes,  summarize  the  corresponding  voltage  drops  of  (JIIQJI  an 

*'l 

Um„c  and  construct  the  resulting  characteristic  of 

/;.e,e-/(^H„<:)=/(^„eJ,Ci  + f/,leJ,Ci)  (Fi9-  37b)-  If  the  diodes  D,  and  n?  at 

identical,  then  the  dynamic  characteristic  of  equivalent  nordia  u 
cell/element  will  be  identical  both  for  the  positive  signal  and  i<> 
r.ega  ti  ve . 

Figure  as  38  solid  lines  depicts  the  dynamic  volt-amperes 
characteristic  of  the  equivalent  nonlinear  cell/element,  which 
consists  of  two  series- connected  diodes  of  the  type  of  D2J. 
Characteristics  are  constructed  according  to  the  procedure  pr  t* 
From  the  figure  one  can  see  that  with  an  increase  in  the  bia:  volt 

c r.  nonlinear  cell/element  the  slope/transconductance  of  the  initia 
section  of  characteristic  grow/rises-  In  this  case,  the  initial 
impedance  of  the  cell/element  of  with  small  voltages  of  U„.;J. 

decreases.  The  form  of  dynamic  characteristic  can  be  changed  with 
connection  consecutively  with  the  nonlinear  cell/element  of  the 
supplementary  active  linear  impedance  of  A', Figure  as  3 e ti  oh< 
lines  depicts  the  dynamic  characteristics  of  equivalent  nonlinear 

cell/element  at  three  values  of  the  supplementary  impedance  ot 

RtU/  = 200,  500,  1000  chm  and  with  the  lias  vcltage  of  0,25  ir. 
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Pig.  39.  Procedure  for  the  deter mination  cf  ccnjononts  frotr  th 
method  five  ordinates  with  the  symmetrical  vclt-ampere  c har arte r i s * ic 


ct  nonlinear  ce 11/e ieme n t . 


Upcn  the  switching  on  o£  the  impedance  of  A’Aof,  incioasf *. 
initial  impedance  ot  equivalent  nonlinear  cell/element,  which,  u. 
turn,  leads  to  a decrease  in  the  maximum  factor  cf  ampli tication 
cascade/staqe. 

Beth  static  and  dynamic  the  characteristics  of  nonlinear 
cell/element  can  be  assigned  either  graphically  or  analy tica 1 ly . 1l 
characteristic  is  assigned  graphically,  then  the  amplitude  of  t.h* 
current  or  fundamental  harmonic  can  be  determined  graphically  by 
method  of  five  [12]  or  twelve  of  ordinates.  These  methods  are  very 
simple  and  give  the  accuracy  ol  the  dete  r mi  nat  i c r of  tne  lm>  of  o:  1 r 
5-8c/o.  By  using  the  method  five  ordinates*  the  amplitude  of  th>- 
fundamental  harmonic  of  the  current,  which  takes  place  through  tl- 
nonlinear  cell/element,  can  te  determined  by  the  formula 

/«,  = (H-102) 

where  the  i (Um)  h 1 (4^m)  ~ t he  value  ot  current  with  the  voltage,  ;uai 

tc  the  amplitude  and  the  half  of  the  amplitude  cf  stress. 

The  procedure  for  the  determination  ot  the  currents  of  i (L'm)  and 
i[-!,Un)  with  the  symmetrical  volt-ampere  cha  racterist  ic  of  nonlinear 
ce  1 1/e  lemen  t is  shown  in  Fig.  31. 

From  formula  (11-102)  is  determined  the  amplitude  or  tie- 
fundamental  harmonic  of  current  for  the  different  values  ot  t-h- 
amplitude  of  applied  voltage,  and  then  according  to  formula  (11-100)  - 
the  entry  impedance  cf  nonlinear  ceil/element  is  constructed  tie 


dependence  of  R*%  — — <?  (UMj,c),-  where  by  'JHe„c  necessary  to  und  : . * . • 1 

the  amplitude  of  the  U m. 

In  Fig.  40  are  shown  curved  changes  in  the  impedance  of  a 
germanium  crystal  diede  of  the  type  of  C2J  on  the  applied  to  it 
voltage  of  siqnal  with  the  different  cutcff  voltages  of  on  i * . 

Curves  are  designed  by  the  method  five  ordinates. 
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Fig.  40.  Curved  changes  in  the  impedance  ct  a diode  of  the  - y t - • < ' 

L 20  with  different  cutoff  voltages:  '■  ’ 'y>uV;  ^'"n.  m ■,(U|1«e1' 
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The  character  of  the  curves  of  /?„„c  :=  9 ) it  is  possible  to  ei.ai 

connecting  in  parallel  several  diodes  of  identical  polarity,  eitn- 
connecting  an  series  with  diode  the  linear  effective  resistance 
/«*  (see  Fig.  33d)  cr  including  sa  multa  neo  usl  y in  parallel  an: 
consecutively.  The  impedance  of  Rnt^  it  is  expedient,  to  spcl'zev. 
for  the  creation  on  it  ot  the  cutoff  voltage  of  £3an,H.„.  Figure  * 
shows  curved  changes  an  the  impedance  of  the  ot  one  diode 

type  of  D2J  (dash)  and  of  twc  diodes  (solid  line)  with  differs:  i 
supplementary  impedances  with  the  cutoff  voltage  of  = 01*  in. 

It  should  be  noted  that  the  amount  of  diodes  is  indicated  tei 
half-wave  of  the  voltage  of  the  signal  cf  one  polarity.  Fur  a . n 
voltage  the  amount  of  diodes  two  times  is  more,  since  it  is  nece.  . 
to  ensure  identical  conductivity  for  both  half-waves  of  the  v >1 - a ; 

the  UMJ >c. 


During  the  supplying  of  cutoff  voltage  cn  nonlinear  cell/-  1 ,i 
(diode)  the  parallel  connection  of  several  diodes,  and  also  t :i<- 
switching  on  of  the  supplementary  impedance  of  Rno6  it  leads  to  *: 
perceptible  change  of  the  curve  of  Rutl ,e  = <?  (U  mJ,j  only  in  the  rang*, 
lew  impedances,  i.e.,  in  the  zone  of  the  high  stresses  of  U„v„  . 
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This  allows  by  the  variation  of  the  number  ci  in  parallel  conn-  cn  j. 
diodes  and  value  of  the  inpedance  of  Ra<s,  tc  obtain  a series  o £ th 
curves  of  —<?(UUM.),  sufficiently  accurately  approaching  the 

required  theoretical  curve  of  = f(Uuej,c)  for  providing  a 

successive  work  ct  nonlinear  cascade/stages. 


figure  4 2 gives  the  curved  changes  in  the  inpedance  of 
AV.v  = for  two  series-ccnnected  dicdes  of  tne  type  of  D2J, 

calculated  by  the  method  five  ordinates  in  the  dynamic 
characteristics,  depicted  cn  Fig.  3d. 

Figures  26,  29  and  42  show  that  the  law  of  a change  in  the 
inpedance  of  the  equivalent  nonlinear  cell/element  of 
sufficiently  coincides  precisely  with  the  requited  law  of 

/?nejiM.  in  3=5  "*)  1'tneji)  during  the  impedance  of  the  feedback  of  the  Roc  — 2,,rie-3 

cf  comas. 

The  character  of  the  curves  of  — <p  (Uwn  ) it  is  possible  to 

change,  applying  semiconductor  germanium  diodes  of  the  type  or  i:2A, 
C9A  and  the  D9B,  which  have  static  volt-ampere  characteristic  with 
large  slope/transconductance.  In  this  case  equivalent  nonlinear 
cell/element  witn  small  stresses  has  low  initial  impedance,  and  witr. 
high  stresses  - large.  Curved  Rmnc  = <p  (f/He.nc)  pass  more  steeply  t h <a  r in 
Fig.  42.  In  this  case,  it  is  possible  to  obtain  the  sufficiently 
large  factor  of  amplification  of  cascade/stage  cf  work  in  linear 
cenditioos,  that  facilitates  the  selection  of  the  necessary  tne  cm  v. 


With  small  amplitudes  of  stresses  graphic  method  it  can  l<-ad  to 
considerable  errors;  therefore  the  amplitude  of  the  current  of  An, 
expedient  to  determine  analytically.  For  this,  it  is  necessary  to 
knew  the  analytical  expression  of  static  characteristic. 

The  volt-ampere  characteristic  of  nonlinear  cell/el^uie  nt  car 
approximated  by  tne  following  tunctions:  by  exponential  i = f (U)  - 

iuelU  or  i~i0{eoV—  ]);  exponential  i = / (U)  = AUn\  b y polynomial  i = r 
( U)  = all  ♦ £u2  ♦ yd3  ♦ by  the  hyperbolic  tangent  1 = f (U)  — i,„  th  pU. 

By  exponential  function  sufficiently  accurately  it  is  possii]  to 
approximate  the  characteristic  of  nonlinear  cell/element  only  wi*h 
small  stresses  on  it.  By  the  function  cf  the  form  of  i = i it  1 z 

expedient  tc  approximate  the  characteristic  of  vacuum-tube  diode, 
while  by  the  function  of  the  form  of  i — i.,(elU — 1)  - the  charac*  • ttrtic 

of  semiconductor  diode.  Most  accurately  the  c haracter ist ic  of 
nonlinear  cell/element  during  a change  in  the  stress  on  it  within 

large  limits  can  be  approximated  ty  exponential  function.  The 
approximation  of  characteristics  with  the  aid  cf  polynomial  is 
obtained  sufficiently  precisely  only  with  a comparatively  large  nuri-  „ 
of  terms  of  polynomial.  By  hyperbolic  tangent  can  be  accurate] y 
approximated  not  all  forms  of  the  characterist  ics  of  nonlinear 
ce ll/elements. 

Let  us  determine  the  amplitude  of  the  fundamental  harmonic  ot 
current  in  the  case  of  appl  icat  ion/use  as  the  nonlinear  ce-ll/"l-  • ■ * 
of  the  vacuum-tube  diode  whose  characteristic  is  approximate  : n > *!.• 
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exponential  function  ot  the  tot  m of  ‘ ~ iue'u.  Let  the 
plate-to-cathode  voltage  ot  diode  change  according  to  the  ]j« 


where 


IJ  ci  — U{l  -f  U,„  cos  mt. 


1 he  n 


"o  “ ^3«'W 

‘ = /ttc,(~£/»'1’£,'« CI«  ,j/)  =:.■  i0c-u«etf/„i 


Page  77.  The  factor  of  as  a result  of  a change  ir:  tf. 

amplitude  of  applied  voltage  U is  the  function  of  the  form  of 

which  it  is  decompose/e  x par,  ded  in  a series  ir  the  Bessel  functi  in.*-  >r 

the  imaginary  argument 

ex  tos<ui  _ (jx'j  -u  2 V 7(I  (/.v)  cos  oi/, 

c-l  • 

t he  n ^ 

i = i„e— [/„  (/.v)  + 2 V 7„  (/*)  cos  mioC). 


After  sweeping  this  series,  we  will  obtain 

i = iue~aU’J „ O'x)  2 j-'i0e-*u'Jl  (jx)  cos  to/  — 

— 2 i0e~aU>J.,  (jx)  cos  2w/  -|- ... 

By  the  amplitude  of  fundamental  harmonic  it  is  the  coefti-ii*  ;>: 
ccs  u t , i.e., 

t "i,  — 2j~li0c~aU,J  t (jx),  (H-103) 

where  j_,J,  (jx)  - the  modified  Bessel  function  ot  first.-oid-r. 
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It  is  known  tha  t 


'.-rv.tw-  M ^5+ 


(i)"“  « 


\ - / , \ 2 / 

("  ~ ^ ' /■  in  + 2)  + 21/'  c,mj7 

/if 


(t)'W 


(11-104) 


(*V  UY 

r'Ji w = 4 + Lai.  , 

J 2 1 2l3!  ^ • 


After  substituting  expression  (II-1C4)  in  (Ii-103)  and  after  t 
x by  «6'„r  we  will  obtain 


1 m , — ‘ nc 


C . ,K;'m  a*u:n  1 

•«W  «t/mt-1#-  + j7.vi+  . • ■ I. 

L - O’-  j 


then  the  entry  impedance  of  the  diode 


105) 


/V? 


t 1 aci;.  i 
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Page  IS.  Coefficients  i0  and  a can  be  determined  by  the  ;t.atic 

characteristic  of  nonlinear  cell/element  with  the  aid  of  the  w t r: o . j 
least  squares  which  is  sufficiently  minutely  presented  1 1.  N.  N. 
Krylov’s  book  [ 13],  or  with  the  aid  of  the  method,  described  ir.  L.  b 
Gutkin's  boon  [9]. 

Formula  (11-105)  is  suitable  for  the  calculation  of  iaiptdd  [:<:>- 
cnly  with  small  voltages  of  Unx.  Hith  the  high  voltages  of  Um  th 
characteristic  of  nonlinear  cell/el eiren t must  he  a pprox i mat  ed  by 
exponential  function,  polynomial  or  hyperbolic  tangent.  In  this  ci: 
the  amplitude  of  lmi  is  determined  from  the  formula 

T 

. o C 

Im,  - - j-y  (U)  COS  U*/.  (11-106) 

l 

Curved  /?1S  ~ they  can  be  removed  experimentally  according  r 

substitution  method.  Installation  diagram  fer  relieving  the  cuiv* 
is  depicted  cn  Fig.  4 3.  Amplifier  tube  in  diagram  i. 
necessary  for  obtaining  the  high  output  resistance  of  the  source  ol 
signal.  Curves  with  the  different  cutoff  voltages  of  on 

nonlinear  cell/elements  are  remove/taken  as  follows.  To  the  ml-' 
tube  1,  is  supplied  the  voltage  of  the  determined  value.  With  * 
cf  a millivoltmeter  of  the  type  of  flVL-3  or  rVL-4,  is  determin  1 ti 

edge  stress  LC0  with  the  connected  to  it  nonlinear  cell/element 
and  U2.  Then  with  the  aid  of  key/wrench  K in  parallel  to  duct  ins.tr 
of  the  nonlinear  cell/elements  is  connected  the  potentiometer  of  R„. 
Changing  the  impedance  of  R„,  they  attain  previous  reading 
millivoltmeter.  In  this  case  the  value  cf  the  impedance  of  Rn  1 3 
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equal  to  the 
c tin  eve/ taken 


impedance  oi  non lineal  cell/elements.  Similaily  uit 
other  points  cf  the  curve  cf  — <p  (U„,)  = * (Uue„c). 
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Eages  79-117. 

§ 6.  Use  of  automatic  gain  control. 

For  obtaining  LAX  in  n-cascade  selective  ar.d  aperiodic  amplifi-:.- 
by  a change  of  the  amplification  factor  cr  by  the  addi*  ion  of  v 'It  , 
from  the  output/yields  of  cascade/stages  success f ill  1 y it  can  . 
applied  by  AGC. 

In  selective  amplifiers  and  speech  amplifiers  AGC,  it  i:  i - iJ;.  ' 

as  follows.  The  output  voltage  of  separate  cascade/stage  or  a pli::  i 
as  a whole  is  detected  and  obtained  thus  direct/constant  voUa  i>  is 
utilized  for  the  control  of  displacement  on  the  control  elect  rod.-.;  ot 
amplifier  tubes.  An  increase  in  the  output  signal  increases  bias 
voltage  on  the  grids  of  the  controlled  tubes  and  dec Leases  their 
a*pl if ica tion.  If  we  calculate  network  elements  AGC  by  the  deteimir-d 

shape,  then  it  is  possible  to  obtain  the  logarithmic  dependence 
between  the  output  and  input  voltage  of  amplifier.  In  this  cas-  , tie- 
dynamic  range  the  LAX  ot  amplifier  is  determined  by  the  number  of 
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adjustable  cascade/stages. 

It  is  possible  in  principle  to  carry  out  twc  form  of  systems  A r;C: 
system  with  feedback  when  the  ccntrclling  voltage  is  supplied  from  th-> 
subsequent  cascade/stages  to  pr eced ing/pre v icus  (Fiq.  44),  and  system 
without  the  feedback  when  the  controlling  vcltage  it  is  supplied  from 
the  preceding/previous  cascade/stages  tc  these  which  follow  (Fig.  4S)  . 


1 
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To  Bis.  44  and  45  oboznaceno:  1,  2,  . ..,  n 

detector  AGC;  Us  - amplifier  in  circuit.  AGC. 

As  detector  can  be  used  vacuum  or  semiconductor  diode.  In 
principle  diode  can  no  and  the  function  of  detection  in  this  case 
fulfills  amplifier  tube.  By  changing  the  amplifier  gain  in  circuit 
AGC,  it  is  possible  to  ottain  the  various  forms  cf  the  amplitude 
cha rac ter  is t ic  of  casca de/stage.  It  is  necessary  to  note  that  -hen 
using  a system  AGC  with  feedback  the  depth  cf  the  adjustment  of 
amplifier  stage  cannot  be  obtained  more  thar'any  determined  value, 
i.e.,  the  slope/inclination  cf  the  amplitude  characteristic  of 
cascade/stage  with  an  increase  in  the  factor  of  amplification  k of 
amplifier  in  circuit  AGC  cannot  be  obtained  the  more  than  completely 
determined  slope/inclina t icn.  In  Fig.  46  numeral  1 designated  the 
range  (shaded),  at  which  can  lie/rest  the  amplitude  char  act er is t ic  of 
amplifier  stage  with  AGC  with  feedback.  With  an  increase  in  th- 
amplifier  gain.  Us  in  circuit  AGC  of  (K',  Kn,  A'"1,  A'lvj  the  amplitude 
cha rac ter ist ic  of  cascade/stage  approaches  an  axis  of  abscissas.  Bu* 
on  the  strength  of  the  properties,  inherent  in  control  systems  with 
feedback,  the  amplitude  charact  er  ist  ic  cf  cascade/stage  cannot  go 
lewer  than  shaded  range.  ccnsequen  tl  y,  by  applying  system  AGC  w i *-  h 
feedback,  it  is  possible  to  ottain  the  amplitude  charact eri st ic  of 
cascade/stage,  which  provides  a precise  LAX  cf  cascade  amplifier  with 
the  method  of  the  addition  cf  voltages  cnly  with  coefficient  of  a = 1. 


PAGF 

- amplifier  stages;  d - 
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But  it  is  net  possible  to  obtain  the  characteristic  of  casca  le/:  ' i j*  , 
which  satisfies  the  requirements  for  obtainin'}  the  LAX  of  amplili'  i 
with  the  method  of  consecutive  addition  with  any  coefficient  of  i 
(dashed  curves  in  Fig.  13). 

From  this  deficiency/lack  is  free  the  systerr  AGC  without  t;,. 
feedback  applying  which  it  is  possible  (changing  amplification  factor 
in  circuit  AGC)  to  obtain  the  amplitude  cha  rac  teristic  of  a 
cascadc/stage  of  any  type  (FIs.  4,  types  1,  2 3).  This  is  explained 
by  the  fact  that  in  the  siteme  AGC  in  question  the  amplifier  in  the 
circuit  of  adjustment  is  not  encompassed  by  feedback. 

In  system  AGC  without  feedback,  the  time  constant  of  the  function 
of  system  can  be  very  small.  Consequently,  this  system  of  qair 
control  can  be  applied  for  obtaining  LAX  both  in  the  video  amplifiers 
and  in  the  pulse  tuned  amplifiers,  intended  tor  the  amplification  of 
the  monentum/impulse/pulses  of  short  duration. 

An  essential  deficiency/lack  in  the  diagram  AGC  without  feedback 
is  the  large  criticality  to  the  exchange  cf  tubes  and  the  large 
amplification  in  the  circuit  of  adjustment. 

In  connection  with  this  is,  most  widely  common  the  system  AGl  with 
feedback  whose  calculation  is  minutely  illuminated  in  the  literature 
[28],  Circuit  AGC  for  each  cascade/staqe  must  be  designed  in  such  a 
way  that  would  be  obtained  the  amplitude  characteristic  of 


cascade/stage,  satisfying  the  requirements,  presented  into  f of  1 u u 


■■■ 
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Out  put  potential  of  the  ad  justable  cascade/  tag- 
U.ux  = /?„.  (11-107) 

Since  during  the  gain  control  of  cascade/stage  by  a char.j  ir  tie 
bias  voltage  the  plate  lead  regains  constant,  the  calculation  of 
amplitude  characteristic  is  reduced  on  the  calculation  of  the 

dependence  of  the  amplitude  of  the  fundamental  harmonic  of  Me  current 
of  /a,  (in  the  case  of  selective  amplifiers  and  speech  amplifiers) 
or  it  is  simple  the  amplitude  of  anode  current  (in  ■Me  case  of  the 
amplif ication  of  video  pulses)  from  the  amplitude  of  input  signal. 

Fage  82. 

Equating  the  in  turn  right  sides  of  the  expressions  (IT. 107)  and 
(II. 1),  (II. 3),  (11.21),  (11.47),  (11.49),  (H.51)  and  taking  into 

account  that  the  maximum  factor  of  amplification  of  cascade/stage  K1 
and  the  amplitude  of  the  fundamental  harmonic  of  the  anode  current  or 
of  the  work  of  cascade/stage  ir  linear  ccrditions  at J 
respectively  equal  to  K,  = SF0  and  /aM  ==. SU„lt  is  obtained,  that  the 

relation  of  the  currents  of  ~!~  = f (x)  depending  on  relative  input 

»Ul 

voltage  with  the  first  method  of  obtaining  LAX  must  change  according 
tc  the  law,  described  by  expressions  (II. 4)  , (II. 5)  and  (11.22)  , and 
with  the  second  method  - according  to  the  law,  described  by 
expressions  (11.48),  (11.50)  and  (11.52). 

Thus,  curves,  depicted  on  Fig.  13,  also  can  be  used  during  M.. 


W 
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calculation  of  the  logarithmic  amplifier  when  the  gain  control  c’ 
cascade/stages  is  conducted  ty  changing  the  lias  voltage. 


§ 7.  Use  of  an  exponential  dependence  cf  current  on  the  voltage  >r 
nonlinear  ce 11/elemonts. 


For  obtaining  I.AX  in  single-stage  amplifier  in  dynamic  range  to 
15-40  dB,  and  also  in  multistage  amplifier  in  sufficiently  broad  bard 
with  the  method  of  the  addition  of  output  voltages  can  be  used  * 
different  nonlinear  cell/elements,  which  possess  the  exponential 
dependence  between  the  current,  which  takes  place  through  the 

cell/element,  and  the  voltage,  which  are  isolated  on  it.  Such 
nonlinear  cell/e leme nts  include  different  semiconductor  devices  md 
seme  types  of  vacuum  lamps.  From  semiconductor  devices  tor  -nir 
purpose,  approach  cuprous  oxide  and  germanium  1 cw- f reg uenc y 
rectifiers,  silicon  and  germanium  h igh- f reg uenc y diodes.  Of  vacuum 
lamps  the  sufficiently  pronounced  exponential  dependence  they  hav 
grid  and  the  anode-grid  iL=f(Uc)  of  characteristic  with 

small  anode  voltages.  Let  us  examine  the  possible  versions  of 
obtaining  LAX  in  amplifier. 
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Use  of  semiconductor  devices. 

As  shown  in  work  [ 32],  the  volt-ampere  characteristic  of 
semiconductor  diode  is  described  by  the  expression 

fH<ul  = A [e*  _ i]>  i (1M08)' 

where  A and  a are  constants;  r - the  volumetric  resistor/resis* 
semiconductor;  U„eJl  - the  voltaqe,  applied  tc  diode. 

Constant  a = e/kT,  which  comprises  at  room  temperature  of 
approximately  40  [in]  ~l.  Resistor/resistarce  r composes  urits 
ohm,  which  makes  it  possible  with  sufficient  low  currents  to  di 
the  product  of  In  this  case  the  expression  (11.108)  ta 

f cr  m 

«'.1M  = 21  — 1),  (11-109) 

w he  nee 

^ = ->  (-¥+!)•  (I'M  10) 

If  w«  consecutively  with  diode  include/connect  high 
res  ist  or/resist  a nc-^*  (Fig.  47),  then  it  is  pcssitle  to  obtain  cij 
is  independent  a Iter nat ing/variable,  proportional  to  input  volt 
UBX,  i.e. 

k'liX 

“ If  • 

In  this  case,  between  voltage  or  the  diode  of  Umjl  and  the  in 


/6u 


iree  of 


(2-4) 
nrenar! 
kei  * ■ 


rren  t 
age 


1 


voltage  of  Uux 


dependence  logarithmic 


pAu--  yfo 

])-  (n-iii) 

The  dynamic  resistance  of  germaniuir  sej  iccnductor  diodes  with 
zero  smeshcheniii  sufficiently  greatly  and  for  different  types  car: 
have  a value  from  units  to  dozens  kilchir. 

Thus,  for  instance,  of  diodes  of  the  type  cf  DG-0  this 
resistcr/resistance  reaches  the  value  of  10-20  ccmas,  of  diodes  cf  r he 
type  DG  2-10  comas.  In  order  that  expression  (11.111)  would  bo 
fulfilled  with  a sufficient  degree  cf  accuracy  with  the  low  currents 
of  Giejii  resistor/resistance  p must  be  undertaken  the  order  ot  50-100 
ccmas. 


Fig.  48.  Amplifier  stage  with  the  logar it h m iz i ng  chain/network  ir 
grid  circuit. 
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If  we  to  the  input  of  amplifier  stage  with  factor  or 
amplification  Ks  inc  lude/ccnnect  cha  i n/ re  t wc  r It  (Fig.  47),  as  thi 
shewn  in  Fig.  48,  then  its  amplitude  characteristic  will  be  de.se 
ty  the  expression 

»7.!n(^ !+l).  (11-112) 


During  the  coaipariscr  of  expressions  (11.112)  and  (IT.  3)  it 
evident  that  in  this  case  the  coefficient 


Thus,  by  changing  the  factor  o£  a m p li f ica t icn  of  cascade/:^ 
it  is  possible  to  change  coefficient  of  a. 


Use  of  vacuum  lamps. 


Some  types  of  vacuum  lamps  have  the  grid  characteristics  of 
ic  - I i y.  which  sufficiently  accurately  they  are  approximated  by 

exponential  function  within  the  large  limits  of  a change  in  the 
on  the  control  electrode  (Fig.  49) 

/,  = /c<e;-fcf  , (11-1131 

where  / „ - the  value  ot  grid  current  at  grid  voltage  ot 

/•;c  =.  0;  a is  constant  coefficient. 

Figure  49  by  prime  shows  the  approximation  cf  the  grid 
characteristic  of  the  tube  of  (>>KII1  by  the  function  of 
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==  78  ■ lO-ie^c. 


If  we  at  the  rated  value  of  the  voltaqe  of  aaaa  conduct  to 
the  alternating  voltage  of  signal,  then  the  expression  (11.113) 
rigr.s  the  following  form: 

»c  ==  I^e"~n*+U*) , (II- IN) 


i rid 

of 


whence  we  find  expression  for  the  variable  component  of  the  grid 
voltage 
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Fig.  49.  The  grid  characteristics  of  the  tube  cf  the  t,jlp: 

/c  = 73  ■ 10— *e  _5i'c- 

Key:  (1)  . pA.  (2)  . in. 


PAi 


Fig.  50.  Diagram  of  the  loga r i t h mi zi nq  ca scad e/ stage  wi*h  ♦he 
a ncnlirearity  of  grid  characteristic. 


mm 
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For  providing  a proportionality  between  the  input 
and  t be  current  of  ic  into  the  qrid  circuit  of 
necessary  the  sufficiently  high  resistor/resistance  of 
Then 


PA  dE 

volt  a to  of 
tube,  is 


R c (Pig-  r'0)  • 


a nd 


^“7>"Tf  + £‘ 


For  providing  the  greatest  dynamic  range  of  the  LAX  of 
cascade/stage  the  initial  bias  voltage  of  the  £c  is  selected  by 
such,  with  which  working  gochka  on  the  anode-grid  characteristic  of 
tube  is  located  on  linear  section  and  its  pcsiticn  corresponds  tr  th-~ 
beginning  of  grid  characteristic.  In  this  case,  the  tube  works  ii 
linear  conditions  and  output,  potential  of  the  cascade/stage 

Uhux  = uqsr„  = 

= ^(rln7^+£c)-  (1!-115) 

The  desired  value  of  base  of  logarithm  N,  in  terms  of  which  must 
lcgarithmize  the  cascade/s*aget  in  this  case  it  is  possible  to  select 
ty  change  Ku  i.  e. , by  a change  in  the  value  of  the 
resist or/resista nee  of  Re  or  grid-plate  t ransccnductance  S.  To 
change  the  slope/transconductance  of  pentode  at  the  rated  valu°  cf 
tias  voltage  possible,  by  changing  stresses  cn  screen  qrid. 


Logarithmic  amplitude  characteristic  in  amplifier  can  be 


obtained,  by  utilizing  pentodes  with  al t er na t i n g/ var iabl e 
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Fig.  51.  The  block  diagram  of  the  amplifier  in  vhich  the  LAX  is 
obtained  because  of  the  logarithmic  sections  of  grid-plate 
characteristics. 
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The  logarithmic  section  or  anode-grid  characteristic  can  be  obtained 
virtually  in  any  pentode,  after  lowering  anode  voltage.  For  obtaining 
LAX  in  the  amplifier  several  tubes  they  correct  in  parallel  (Fig.  51). 
Tc  the  control  electrodes  of  these  tubes,  is  supplied  the  bias  voltage 
of  different  level.  Then  each  tube  works  between  cutoff  and 
saturation  and  its  anode-grid  characteristic  is  utilized  on  t he 
determined  part  of  the  range  of  the  LAX  cf  amplifier.  During  t he 
correct  overlap  of  the  characteristics  cf  parallel  tubes  it  is 
possible  to  obtain  the  sufficiently  precise  LAX  cf  amplifier. 


The  amplifier,  assembled  by  diagram  in  Fig.  51,  possesses  the 
following  def  iciency/lac ks : 


1)  the  amplifier  gain  is  lew  and  dees  not  exceed  the  factor  of 
a up  lit icat ion  of  one  cascade/st age ; 

2)  LKh  amplifier  it  nchinetsya  on  the  high  level  of  input  signla 
(cn  the  order  of  0.2-0. 5 c) . Therefore  at  the  input  of  this 
logarithmic  amplifier,  it  is  necessary  to  place  supplementary  linear 
amplifier  for  the  amplification  of  weak  signals. 
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Chapter  Three 

AFERIOEIC  LOGARITHMIC  AMPLIFIERS. 


Aperiodic  amplifier  is  called  equ  i p ment./d  e v ice,  the  factor 
a mp 1 i f icat ion  of  which  does  not  depend  cn  frequency  over  a wid^ 


of 

i a nor 
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cf  frequencies.  For  aperiodic  amplifiers  the  ratio  of  the  upper 
cut-off  frequency  of  /\,aKC  to  the  lower  cut-off  frequency  of  i is 

ccm parati vely  great  and  considerably  more  than  urit.  In  such 
amplifiers  in  the  majority  cf  cases,  are  contained  the  aperiodic 
circuits,  which  do  net  possess  resonance  properties,  for  example, 
effective  resistance  in  conjunction  with  ca  p aci  tance/ca  paci  t i es  arid 
• pr.  ttost  frequently  aperiodic  are  the  lew -frequency  amplifiers. 


Depending  on  the  form  of  the  amplified  signals  aperiodic 
amplifiers  it  is  possible  tc  divide  into  the  amplifiers  of  harmonic 
signals,  pulse  signals  (in  abbreviated  form  pulse  amplifiers)  and  of 
direct  current. 


The  amplifiers  of  harmonic  signals  include  the  low-frequency 
amplifiers  (UNC  [ - low-frequency  amplifier]),  intended  for  the 

amplification  of  the  fluctuations  of  audio  frequencies  in  the  ranee 
from  dozens  hertz  to  15-20  kHz. 

Pulse  are  called  the  amplifiers,  which  amplify  without  noticeahl 
distortion  momentum/impulse/pulses  or  the  rapidly  being  changed 
signals,  frequency  spectrum  cf  which  stretches  from  hundreds  h-  r+r  * 
units  megahertz.  They  include  the  video  amplifiers,  amplifying  vidi  - 
pulses  of  current  or  voltage. 


The  amplifiers,  which  amplify  very  slew  oscillations,  inclu'ji, 
zero  frequency,  is  conventionally  designated  as  dc  amplifiers  (’  , 


C 1-20-77  PA  iJE 

even  if  they  are  intended  for  the  voltage  a n p 1 if  ication  or  pow-r. 

The  difference  between  the  noted  forms  pronounces,  for  exairrl 
in  approach  to  design  and  testing  different  aperiodic  amplifiers  f 
LAX.  In  connection  with  this  it  is  most  expedient  to  examine 
aperiodic  amplifiers  from  LAX  in  connection  with  each  of  the  types 

Page  88. 

§ 1.  Logarithmic  video  amplifiers. 

Logarithmic  video  amplifier  with  1st  type  nonlinear 
divider /denominators. 

Figure  52  depicts  the  schematic  diagram  of  the  video  amplifie 
which  the  LAX  is  obtained  with  the  shunting  of  the  plate  loads  of 
cascade/stages  by  1st  type  nonlinear  divider/dencminators.  The  li 
resistor/resistances  of  d i v i det/de no  mi na ter s R6,  Rlfi  and  P30  in 
diagram  can  no.  Then  the  plate  loads  of  casca  de/stages  are  shunt.e 
only  by  nonlinear  cell/elements  - germanium  semiconductor  died  - e 
the  ype  of  D2J.  With  the  same  success  can  be  used  other  types  of 
diodes.  During  the  amplification  cf  video  pulses  the  plate  load  o 
each  cascade/stage  must  he  shunted  by  twe  diedes,  connected  hv 


Hi 


r o m 


r : car 


1 


different  polarity.  This  is  necessary  in  order  to  decrease  the 
parasitic  reverse/inverse  overshoot  which  in  logarithmic  video 
amplifiers  during  an  increase  in  the  input  signal  reaches  the 
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significant  magnitude. 


Figure  53  gives  the  experimental  amplitude  characteristics  of  one 
casca  de/stage,  assembled  on  the  tube  cf  6J5F,  with  the  anode 
resistcr/resistance  of  the  7?a=l.l  of  comas,  shunted  only  by  the 
diodes  of  the  D2  J of  (A’,,  ~ U)  with  the  different  cutoff  voltages  of 
A'} , ,lie , on  them. 


Supplementary  resistor/resistance  (resistor/resistances  Ra,  Pq, 
Rao»  r3i»  B 3 2 and  R33  in  Fig.  52),  from  which  is  remove/taken  the 
cut-off  bias  (see  Fig.  33fc),  it  is  taken  AV  - 100  ohm. 


Fiyure  54  depicts  the  experimental  amplitude  characteristics  of 
cascade/stage  with  the  anode  re  sist  cr/resis  ta  nee , shunted  by  1st  type 
nonlinear  di vider/d e non i na t or . Characteristics  are  given  fet  two 
cases : 


1)  for  the  constant  values  of  the  resistor/resistances  of  H... 
divider/denominator  of  the  ,o  --  H)  of  comas  (resistor/resistance  *6, 

Fl8  in  Fig.  52)  and  of  AW  — 100  ohm  and  the  different  values  of 
cutetf  voltage  (curves  1,  2 and  3); 

2)  for  the  constant  values  of  the  cf  comas  and 

r,  0,1  / c»  and  for  the  different,  values  of  /;>no„  (curves  z,  u 


and  5)  . 
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Fig.  52.  Schematic  diagram  cf  logarithmic  video  amplifier  wj  t 
type  nonlinear  divid er/denomina tors : 1,,  L2,  L3  - 6J5P;  Dt , D 
C4,  D5,  D6  - D2J;  R,  - 56  comas;  R2 , R14,  R26  - 120  ohm;  P3  , P 
- 1.1  comas;  P4,  R16,  R28  - 5.1  ccmas;  E5,  P17,  R2,  - .13  comas 
R 1 8 # R3o  “ 5>00  ohm;  P 8 , P <> » P z o » P?i#  R 2 2 » F 3 3 “ 100  ohm;  !■  7 , 


R 1 9 , P 

2 29 

R 3 1 » 

^34 

- 1 5 

comas;  F, , , ?! 2 , R, 

3l  R 2 2 • 

?2  4 » P?  5 

ccmas ; 

C I 9 

c4. 

C 8# 

Cl  2 ~ 

0.1  mkzh;  C2,  C5, 

C 6 * C <,  , 

^tOI  ( 1 3 * 

- 10.0  mkzh;  C3,  C7,  C, ! - 2.0  mkzh. 
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Fig.  53.  Amplitude  characteristics  of  casca de/stage  with  the  shunning 
of  plate  load  only  by  nonlinear  cel  1/eleients:  1 - ‘ . 11  t/:  2 - 

\/\  3 - i i/;  4 - ' *• 1 i/\  5 - 

Key:  (1).  (2).  ohm. 


F ig  „ 54.  Amplitude  characteristics  of  cascade/stage  with  the  shunting 
of  plate  load  by  1st  type  nonlinear  d i v ider/de  nc  mi  na  tor : a^-igo 

ohu;  " 'X,,-''1  1 - 2 - / eJj - o.i  3 - 


' “ c.oi  i/;  4 - the 

Key:  (1)  . K.  (2)  . 
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t 5 - the 
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Fig.  55.  Amplitude  characteristics  of  three-stage  logarithmic  video 
amplifier  with  1st  type  nonlinear  divider/denominators:  1 - ea-i.i 

^ V'  2 ~ £a“U  fz  <? 

«A  - ««.<,„„  - 0.®0  [/',  3 - «a-2  KA- 0.5  -0: 

4 - «.,-U  ; K*-0'5  ; ^n„e,-0.o5  ^ 

£3an„Ml|“  0,07 
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Figure  54  shows  that  upon  the  incorporation  of  the  res  istor/ro.;  ist  a nc-. 
of  expands  itself  the  dynamic  range  the  LAX  of  cascade/stage,  Put 

in  this  case  it  decreases  the  differential  factor  of  arapli f ica* icn  of 
casca  de/st  a qe  of  work,  in  the  quasi- linear  mcde/ccnditions  which  for 
providing  a successive  work  cf  cascade/stages  in  the  most  general  cas-> 
must  be  equal  to  unit.  For  satisfaction  of  this  condition  with  ai 
increase  in  the  resistor/resistance  of  it  is  necessary  to 

increase  the  resistor/resistance  of  /?Aoe.  By  a change  in  the  va  1 u<- 

cf  the  resistor/resistance  of  R,,„6  it  is  possible  to  obtain  the 
necessary  amplitude  characteristic  of  cascade/stage.  On  the  basis  of 
Figs.  53  and  54  it  is  possible  to  make  the  following  conclusions. 

In  one  cascade/stage  cf  the  amplification  cf  video  pulses  with 
the  plate  load,  shunted  only  by  a diode  cf  the  type  of  D 2 J , it  is 
possible  to  obtain  LAX  in  the  range  18-20  dE.  The  greatest  range  LAX 
is  obtained  with  cutoff  voltage  on  the  diode  of  £saa1(M  = 0,05-*- 0, 1 1/  in 

the  supplementary  resistor/ resista nee  of  Rao6  *=  100-S-200  ohm. 

Range  LAX  in  one  cascade/stage  with  the  plate  load,  shunted  ly 

1st  type  nonlinear  divider/denominator,  can  te  obtained  to  2S-2H  dB. 

In  the  case  of  application/use  as  the  nonlinear  ce  11/eleuien  * r or 
diodes  of  the  type  D2,  the  greatest  range  LAX  is  obtained  with  t.h** 
resistcr/resistances  of  the  /?*■  — 10  -.-12  h n 
ohm  and  the  voltage  cf  P3annM  — 0, l-r-0,2  V. 


A’£or,  - 100-;- 200 


Thus,  in  amplifier  a per iod iche kom  cascade/stage  with  the  plat* 
lead,  shunted  by  1st  type  nonlinear  d i v ide  t/de  n c iri  na  tor  with  diodes  ot 
the  type  D 2,  during  satisfaction  of  the  successive  working  condition 
cf  nonlinear  cascade/stages  range  LAX  can  le  obtained  t.o  20-25  <jR. 

This  will  make  it.  possible  in  three-stage  amplifier  to  ootair  LAV  with 
relative  accuracy  2- 3o/o  in  the  range  to  60-70  dF. 

Figure  55  depicts  the  experimental  amplitude  characteristics,  o i 
the  three-stage  logarithmic  videc  amplifier,  schematic  diagram  ot 
which  is  shown  in  Fig.  52,  for  the  different  values  of  R»,  Ra  and 
£janBM.  Zero  reference  level  is  accepted  U»t,  g6—  1,35  V-  Figure  55 

shows  that  without  the  resistor/resistance  cf  RA  the  dynamic  range 
the  LaX  of  amplifier  is  semevhat  less  than  6C  dE  (curves  1 and  2),  bu* 
with  it  - are  somewhat  more  than  60  d3  (curves  3 and  U).  Relative 
accuracy  LAX  in  the  indicated  range  6 = 2o/c. 

Relative  accuracy  LAX  both  in  aperiodic  and  in  selective 
amplifiers  was  measured  as  follows.  The  experinental  character ist ic 
of  amplifier  was  remove/taken  by  several  operators  (it  is  not  less 
than  three)  on  several  times  (it  is  not  less  than  5 times).  Vt'rn  i 
equipment  was  applied  with  class  of  accuracy  2-3c/o.  The  experimental 
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points,  taken  by  all  operators,  were  deposited  to  one  sheet  cf  paper 
by  size  500  Oct.  1000  mm  with  se  nil  cgar  ithmic  scale.  Then  was  cairi'  1 
cut  straight  line  so  that  the  greatest  number  of  experimental  point? 
is  stale  near  it.  In  this  case,  the  absolute  and  relative  deflections 
cf  the  greatest  number  of  experimental  points  fLcm  straight  line  wer*- 
accepted  respectively  as  absolute  and  relative  deflections  6 r-^al  by 
LAX  from  accurately  logarithmic. 

Fage  92. 


Random  single  deviations  cf  experimental  points,  which  are  not 
confirmed  by  several  operators,  during  the  determination  of  relative 

accuracy  real  by  the  LAX  of  amplifier  in  the  assigned  dynamic  range  cr 
isklyuchayis'. 

For  obtaining  high  relative  accuracy  1-2o/c  real  by  the  LAX  of 
amplifier  in  wide  dynamic  range  it  is  necessary  thoroughly  to 
take/select  on  the  urifcrmity  of  the  parameters  both  amplifier  tubes 
and  the  semiconductor  diodes.  Amplifier  tubes  one  should  tak^/sel-c* 
on  slope/transconductance  and  anode  current  with  spread  not  more  than 
5c/o. 


The  sufficiently  good  results  in  the  relation  to  the  accuracy  of 
the  LAX  of  amplifier  are  obtained  during  the  selection  of 
semiconductor  diodes  on  the  measurment  of  current  the  minimum  at  three 
values  of  direct/constant  voltage  on  it.  For  example  for  diodes  of 


— 


the  type  of  DG-Q  and  D 2 one  should  measure  the  current  with  the 
following  voltages  on  the  diode:  +0-1;  +1;  -5  J/,  For  the  diodes  of 

the  type  1)9,  of  DIO  1 - D102  - with  ♦ (0. 1-0.2)  ; ♦ (0. 3-0.6)  : -5  V> 


The  upper  limits  of  stress  must,  be  applied  in  the  selection  of 
diodes  with  the  lesser  slo pe/t ranscondu ct ance  of  the  volt-ampere 
characteristic,  but  lower  - in  the  selection  of  diodes  with  larger 
slope/transconductan  ce.  The  scatter  of  the  values  of  the  current;,  ct 
separate  diodes  must  not  exceed  3-5c/c. 

For  producing  the  cutoff  voltages  of  £„„iie„  diagram,  are 
applied  two  stabilized  source  of  two  polarity  *5C  and  -50  V-  he: 
ettaining  by  sufficiently  precise  with  LAX  the  cutoff  voltage  0f 
E„ nHM  on  each  diode  is  supplied  from  separate  potentiometer  (F, ,, 

B12  etc..  Fig.  52).  When  is  not  required  high  accuracy  the  I.AX  cl 
amplifier,  voltage  of  it  is  possible  to  remove/take  only  f ton 

two  potentiometers  to  which  are  given  respectively  positive  and 
negative  voltages. 

By  applying  as  nonlinear  ce 11/elements  germanium  diodes  of  the 
type  of  DG-S  and  DG-P,  it  is  possible  tc  obtain  LAX  in  one 
cascade/stage  to  40-50  dB.  Fig.  56  shews  the  experimental 

amplitude  characteristics  of  one  cascade/stage,  assembled  or  th*  *u>. 


of  6J5P  with  the  plate  lead  of  the  7?,  = 1,1  shunto'  by  1 1 • 
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Fig.  56.  Amplitude  characteristics  of  cascade/stage  with  the  plate 
lead,  shunted  by  semiconductor  diodes  of  the  tyfe  of  DG-P4  (1)  and  of 
DC-S2  (2)  . 
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It  is  necessary  to  note  that  with  an  increase  in  the  input  signal 
cn  50-60  dB  relative  to  the  level  on  which  begins  the  LAX,  at  rh« 
output/yiold  of  n-cascade  video  amplifier,  it  appears  considerable 
parasitic  re versc/i n verse  overshoot  after  the  break-down  of  the 
moment um/im pulse/pu lse  cf  signal. 

This  phenomenon  is  caused  by  the  fact  that  with,  an  increase  of 
signal  the  resis tor/res ist a nee  of  nonlinear  cell/elements  decreases, 
and  the  time  constants  of  the  circuits  cf  the  charge  of  transient 
capacitance/capacit.  ies,  in  consequence  cf  which  transient 
capacitance/capacities,  especially  in  the  last/latter  and  perultinat- 
cascade/stages , for  the  pulse  action  time,  they  charge  themselves  up 
to  great  significance  of  voltages.  During  the  discharge  of  these 
capacitance/capacit ies  after  the  break-devn  cf  mcmentu m/impu lso/i uls- , 
appear  large  parasitic  reverse/inverse  overshoots,  as  a result  of 
which  in  amplifier  for  a prolonged  time  is  lest  sensitivity.  Large 
parasitic  overshoots  in  video  amplifiers  freir  LAX  - these  are  r hr 
fundamental  reason,  which  limits  obtaining  the  large  range  of  LAX  by 
means  of  the  shunting  of  the  plate  leads  of  cas.'ade/st ages  hy 
nonlinear  cell/elements. 

For  the  elimination  of  this  phenomenon  the  nonlinear 
ce 11/elemen ts,  which  shunt  the  plate  lead  cf  cascade/stage,  one  should 
include  to  transient  capacitance/capacit y.  The  schematic  diagram  of 
this  nonlinear  cascade/stage  is  depicted  on  Fig.  57.  In  this  di iqram 
rcnlinear  cell/elements  earth  referenced  are  blocked  by 
capacitance/capacities  C6  and  c5. 


since  they  are  found  under  high 


r 
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pcstoy  an  yai  potential-  The  cutoff  voltages  of  E3a„Heji  on  nonlinear 
ce  11/elements  are  supplied  frcir  voltage  dividers  R7,  Ra,  Rg  and  R , 2 , 
B j 3 , Rl4  which  ace  connected  directly  to  of  anode  power  supply.  In 
this  case  is  not  required  the  source  of  negative  voltage.  For 
convenience  in  the  selection  of  the  voltages  of  the  E33n„,,n  ol 
resistor/resistance  Ra  and  R,3,  are  taken  by  v iables. 


A 


1 

PAGh  fg( 


F ^-9  • Schematic  diagram  of  cascade/stagc  u pc  n the  .switching  cr  not 

cf  linear  cell/elements  to  the  transient  capacit  ance/capiaci  t y : L,  - 


6J5P;  C | , D?  - 

D 2 J ; F j , Fj  5 - 100  /< 

R 2 - 

2CC  ohm;  F3  - 

1 S 

/Z 

R4  - 6.8  /z 

Rs  - 1 1 K*-/L.  ■;  F 6 - 6.2 

K <*  ; 

F 7i  R i 2 - 47G 

oh 

it : ?s. 

R 1 3 ~ 22  tZ  c/v-y-^ 

Fio»  Fii  - 100  Ohm;  P9, 

Hm  * 

2 00  /2.  * C j , 

c7 

- 0.1 

M F • (-2#  (-3*  C4, 

Cs.  C6  - 10  pF. 

Key:  (1)  . 
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The  voltage  of  EtM„en  on  each  of  the  diodes  is  equal  to  a po^r. ♦- ia  1 
difference  at  points  a and  b.  Pesist  or/ res  i sta  r.ces  P,0  and  are 

included  for  obtaining  the  necessary  amplitude  characteristic  of 
cascade/st  age. 

The  voltage  of  anode  power  supply  must,  te  high-stability,  fine? 
its  instability  produces  change  in  the  stress  cf  £Mni)eJ1,  that  in 
turn,  it  leads  to  distorticn  coninion/genera  1/tota  1 by  the  LAX  of 
multistage  amplifier.  Thus,  for  instance,  fer  providing  a stability 
of  the  stress  of  the  f\,„H  n of  order  5- lOo/c  stability  of  the  voltage 
cf  anode  power  supply  must  be  order  0 . 02- 0 . G 5o/c . This  is  one  ci  1 1.< 
deficiency/lacks  in  the  diagram  upon  the  switchirg  on  of  nonlinear 
cell/elements  to  transient  capacita nce/capacity . The  second 
deficiency/lack  in  this  diagram  is  the  dependence  of  the  stress  love] 
°f  £11flHejI  from  the  parameters  of  the  amplifier  tube  which  change  i r, 
the  course  of  time  with  the  ageing  of  tube. 

In  order  that  voltage  on  the  screen  grid  of  tube  would  no4-  depend 
cn  the  porosity  of  the  amplified  moment  urr/im  pu  lse/pulses,  the  latter 
is  supplied  from  the  divider/denominator,  which  consists  of 
resistor/resistances  P4  and  P3.  In  the  diagram,  depicted  on  Fig.  ST, 
alsc  can  be  used  1st  type  nonlinear  div  ider/dencminator.  On  its 
parameters  this  diagram  is  equivalent  tc  the  diagram,  depicted  on  Fig. 


52. 
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Fig.  50.  Schematic  diagram  c£  logarithnic  video  amplifier  with  2nd 
type  nonlinear  divider/denominators:  Ilf  L2,  L3,  L4  - 6J1P;  D,  , f)2 

C3,  D4  - D2  d ; P 5 » - bw  O7,  D8  - DG-Q8  P3»  R11/  B 1 <>»  ^21  ~ 39  ft?  c* 

8 t 2«  - 2 Qt  R 2 8 - 3 t-  /urv-  F 7 * B 1 ♦ f P 2 % » B 3 1 - 3 0 C <2  “91  •*  1 6 r 2 


B33 

- 33 

f?  "1  P 5 # 

F 1 3 f B21,  P30  - 

120  tec-/i^ 

8«» 

P 8 f " l 5l  1 7 

S22. 

P 2 5» 

P32  - 180 

/?.  £~/lsr^  P 2 » p t 8 

- 160  ohm; 

B 1 0# 

B 2 6 

- 210  ohm;  r 

- 91 

/T  C j , C 7 , 

fn  Ci  5 - 25.0 

pf « Cj r c 4 , 

C 5 / 

ca. 

c 1 0 f 1 2 f c 1 

1 6 

- 20 

p f * c 2 , Cb 

, C] 1 1 C[ 5,  c17 

- 0.1  pF. 

Logarithmic  video  amplifier  with  2nd  type  nonlinear 
d ivider/denominators. 

The  schematic  diagram  of  the  video  amplifier  in  which  the  LAX  1 
obtained  with  the  shunting  of  plate  loads  by  2nd  type  nonlinear 
divider/denominators,  is  given  in  Fig.  58.  Amplifier  loga ri t hm izes 
the  video  pulses  of  positive  polarity.  As  ncnlirear  cell/elements  it, 
this  diagram,  are  applied  germanium  semiconductor  diodes  (Dlf  D?,  D, 
and  D4)  of  the  type  the  " D 2 J " f which  have  high  res istor/re gist  a nee  in 

opposite  direction.  Figure  59  shows  the  calculated  and  experimental 
curved  R„e„  ~ <? (UIMl)  changes  in  the  entry  impedance  of  the  diode  of 
D2J,  connected  by  diagram  35,  with  the  different  bias  voltages  or 

£c„iiejl  on  it.  Curves  are  designed  for  the  video  pulses  of  voltage 
according  to  formula  (LI-  101) , experimental  check  is  produced 
according  to  substitution  method.  By  nature  curved  R„exc=*  <f  (U™. nc) 

(Fig.  59)  they  differ  somewhat  from  the  required  curves  of 
R,<cji  = /(*„..,)  (Fig-  26).  In  the  zone  of  the  high  stresses  of  Umnc 
this  difference  easily  is  removed  upon  switching  on  in  parallel  to 
diode  sufficient  high  linear  resistor/resistance  of  R„  (in  Fig.  58 
resistor/resistance  F7,  P,4,  R2  4 , 


»3I>  - 
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Fiy.  59.  Curved  changes  in  the  res i st or/resist  a rce  of  the 

C2J,  connected  in  diagram  in  Fiy.  35:  calculated;. 

experimenta 1. 

Key:  (1).  ohm.  (2)  U- 
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In  the  zcne  of  small  stresses  of  (7,,,,.  the  difference  between  the 

curves  in  question  is  insignificant..  Figure  6C  depicts  the  r-al 

curved  --  (U  of  a change  in  the  re  s i st  c r/resi  sta  net  of  »'• 

equivalent  nonlinear  ce 1 1/el emer t , which  consists  of  in  parallel 
connected  the  diode  of  D2J  and  resistor/resistances  of  R„  — 3 • 10*  a:.: 

1.3*  10 5 ohm,  with  the  bias  voltages  of  ReUi  ^ ~ 0,1  0.15  ^ 

(unbroken  curves). 

Res is tor/ re si stance 

n _ 

~ ■ 

In  this  same  figure  by  primes  are  shown  the  required  curved 
/v>„„  calculated  from  the  curves  of  «/(?„„),  for  the 

last/latter  nonlinear  cascade/stage  of  the  five-stage  amplifier, 
assembled  on  tubes  of  the  type  of  6J1P  (slope/transconductance  of  tube 

S = 5.2  mA/V;  curves  3 and  h)  and  of  6J2CP  (S  = 17  m A/V ; curves  5,  h 


and  7) 
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For  the  tube  ot  6J1P,  the  calculation  is  produced  with  A’ , 2 2 ■ 1 (ft 

and  2.  1 • 1 0 J ohm  and  Uuut,  = 0,05  k : for  the  tube  cf  6J20P  - with 

A',  -=  (itO,  Gill  even  620  ohm  and  = 0,0.4  (/  - Figure  60  show,  that 

the  experimental  curved  coincide  sufficiently  well  with 

the  dependences  of  Rmn  = f for  the  tube  of  the  6jip  with  of 
Ra  = -.2  • 10s  ohm  (resistor/resistances  f6,  Ht7  etc.  in  Fig.  r ^ ) # an 
A\  0105  Ohm  and  an  = 0, 1 V '•  for  th€  tube  of  6J20P  - with 

A’.,  -=  G30  ohm,  an  ft, ,=,1,3-  10s  ohm  and  an  /-\M = 0,15  V . This  it 

indicates  the  possibility  of  obtaining  precise  by  LAX  in  much  case, id- 
anplifier. 
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Amplitude  characteristics  of  cascade/stage  with  2nd 
d i vider/d e rom i na t c r : the  calculation;  .... 
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Fij.  6 3.  Schematic  diagram  cf  logarithmic  videc  amplifier  wi*i.  ♦ho 


nonlinear 

feedback : L, , l2. 

1 3 » 6J6F;  Fj 

, b2. 

• • 

b7,  Pn  - D2J; 

F 9 # D 

1 1 # 

D,2  - DG-gfl;  Ej 

r F<jr  -171  P?5i 

100 

h.  ~SL  y 

82  » 11)/  1 H » 

s26  - 100 

K ^2 

y B?,  Hf,,  S|5, 

h 1 6*  ^2  Jl  F 2 ♦ * 

‘1  3 1 » 

R32  - 

22  h.  J7  , %, 

F 1 ♦ » ^?2( 

^ 3 0 

-56  fc  j2  f K3  » 

F 1 1 » p , 9 , ^2  7 

- 4.7 

/z 

R«»  B1?f  P20, 

F 2 8 

- 

4. 

3 

KtSI:  b5. 

R 1 3 » 

R21. 

F 2 9 - 

6.2  _/2. ; C[  , t | 1 

* ' 1M  0 2 j 

are 

0. 

1 

j 0 2 # C 7 , 

0 1 2 » C 1 7 is 

0.0  1 

M F ; Cj,  C a , C13f  C j n - 

30.0  PF; 

0 * » 

r* 

^ 5 

0 

L9  » ^107  ^1* 

» C 1 5 » 

^ 1 9 » 

O'  2 O 

- 2. C pF. 
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Figure  61  depicts  as  solid  lines  calculated  from  formulas  (J.2) , 

(1.11)  and  (I.2J)  the  amplitude  characteristics  of  the  cascade/.  taqe : , 
assembled  on  the  tubes  of  6J1P  and  6J20P.  During  the  calculation  it 
is  accepted:  Kj  = Dj  = 10;  a = 1;  / „K,  0,00! j V for  the  tube  of  6J1P 

and  6',,,,  t i.i iOd  V for  the  tube  of  6.720F.  In  this  same  figure  are 
plotted/applied  the  experimental  data  (point).  From  the  analysis  of 
characteristics,  it  is  evident,  then  experimental  characteristic 
somewhat  differs  from  the  required  characteristic  to  larger  side  in. 
the  beginning  cf  logarithmic  section  and  in  lesser  - on  qua  si-1  i n-ai 
section.  In  the  n-cascade  amplifier  of  deviation,  they  must  avert  jf 
cut.  This  one  can  see  well  from  Fig.  62,  in  which  are  given  the 
experimental  cha rac t eri st ics  of  four-stage  amplifiers;  the  assembled 
cn  tubes  6J1P  and  6.120P.  The  initial  reference  level  is  accept-  i 
Un:ud.-,  ==  0,1  J/,  Dynamic  range  LAX  fer  beth  amplifiers  is  equal  to  30 

dB.  Accuracy  LAX  in  all  range  in  the  thoroughly  fixed  amplifier  car 
te  obtained  order  2-3 0/0. 

one  of  the  dof  icic'ncy/lacks  in  the  amplifier,  depicted  on  Fig. 

56,  is  the  sharp  am p li r ica t ion  of  parasitic  reverse/inverse 
overshoots.  For  the  elimination  of  this  def iciency/lact  in  the 
circuit  of  the  control  electrodes  of  tube,  are  connected  su  ppl  me  r t a t y 
semiconductor  diodes  (Ds,  D6,  D7  and  D8) . Then  the 

resistor/resistances  of  R,,\Rt„  R,-,,  and  R33)  trust  be  designed  ♦nuKing 

into  account  the  effect  of  the  supplementary  diedes,  the  degree  of 
shunting  of  which  is  different  with  different  bias  voltages  on  tb" 
fundamental  diodes  (Clf  P2  etc.).  Eias  voltage  cn  supplementary 
diodes  depends  on  bias  voltage  on  fundamental.  As  supplementary 
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diodes  utilize  the  diodes,  which  have  comparatively  small 
resistor/resistance  in  forward  direction,  fci  example,  the  Hole  :f 
the  type  of  D0-y8,  D9A  and  D9R. 
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In  the  diagram,  depicted  or  Fig.  St,  .ur  apjlicd  the  lie} 
the  t y pe  ot  D(j-Q8.  Bias  voltages  on  the  fundamental  diodes  are 
respectively  equal:  • . 0.  V /:  / v,,  " .-i,  ' • 0,09  i 

bias  voltage  on  supplementary  diodes  are  equal  to 
C. 04-0. OS  V.  In  this  case,  the  res  ist  or/resist  ances  of  p>  . havi  * 
following  values:  R6  = : H.2  h.  h,,  _ h34  7.S  fi  y 

including  supplemen  t ar  y diodes,  during  a change  in  the  input  vol*< 
lr  dynamic  range  BO  dB  the  parasitic  relative  overshoot  on  the  'm*  put 
cf  amplifier  can  be  decreased  to  5o/o. 

The  diagram  in  question  has  the  following  essential  advantage. 
Since  in  anode  circuit  in  parallel  to  the  ancde  resistor/re  sis*  a ice  a 
A’..  is  included  the  nonlinear  cell/element  whose  resist  ol/ re. si  st  mo- 
grow/rises  with  an  increase  by  it  of  the  voltage  of  signal,  during 
sulticiently  high  anode  resistor/resistance  commcn/general/tota 1 loau 
impedance  of  casca  Jn/stace  also  will  increase  with  an  increase  in  t h- 
signal.  By  taking  into  account  this  phenomenon,  in  the  diagram  in 
question  it  is  possible  to  obtain  the  mere  stable  delay  time  ct  tne 
signal,  than  in  diagram  in  the  shunting  cf  the  plate  loads  of 
cascade/stages  by  1st  type  nonlinear  di v ider/dencminat or s. 

A deficiency/lack  in  the  amplifier  is  somewhat  an  increased  roii 

voltage  on  output/yield.  This  is  explained  by  the  fact  that  o inal  i 
passes  through  the  semiconductor  diodes  which  create  consider  u 1- 
no i ses . 


Carried  out  by  the  author  theoretical  and  experimental  studies. 
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[*5]  showed  that,  by  applying  1st  type  nonlinear  di  vider/der.  on  ir  u * , 

possib le : 


in  one  nonlinear  cascade/sta ge  to  attain  dynamic  range  LV  to 
35-40  dE,  in  this  case  the  LAX  of  casca de/s t age  it  begins  wi*h  irt 
voltage  3-8  mV; 

Tc  carry  out  a strictly  successive  work  of  nonlinear 
cascade/stages  and  to  obtain  accuracy  the  LAX  of  n-cascade  amplifier 
in  the  range  to  100-120  dB  2-3o/o; 

Tc  carry  out  a virtually  instantaneous  restcration/red ucticn  of 
the  sensitivity  of  amplifier  after  the  break-down  of  la'  ie  signals  ir 
all  dynamic  range  of  the  LAX  of  amplifier; 

to  obtain  in  logarithmic  amplifier  the  sufficiently  stable  delay 

time  in  the  signal  during  a change  in  it  ir  all  range  of  the  LAX  of 
amplifier. 

Fa  ge  1 00 . 

Logarithmic  video  amplifier  with  nonlinear  current  feedback. 

The  schematic  diagram  of  four-stage  logarithmic  video  ampliriei 
with  nonlinear  current  feedback  is  depicted  c~  tig.  63.  Video 
amplifier  1 ogar  i t h m ? tes  the  momen  tu  tr/i  m p ulse/p  u 1 ses  of  negative 
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polarity.  In  order  that  amplifier  would  logar  i t h n-  izr  the  video  t uh  ■ . 
cf  positive  polarity,  it  is  necessary  tc  change  the  polarity  of  tf  - 
switchirg  on  of  nonlinear  cell/elements  and  tax  cn  them  the 
corresponding  bias  voltages.  Let  us  agree  ’•he  amplifier,  intend'd  for 
the  logarit  hmic  operation  of  the  m cine n fc u m/ i m [ u 1 se/p ulses  of  or» 
polarity,  to  call  asymmetric.  As  the  nonlinear  ce 11/el emen t s , 
connected  in  the  cathode  circuits  cf  cascade/staqes,  are  taken 
germanium  diodes  of  the  type  of  D2J.  For  a decrease  in  the  ini*:  *.1 
resistor/resistance  cf  nonlinear  cell/element,  the  duri-i  *. 

amplification  of  weak  signals  ir.  the  cathode  circui’-  of  each 

cascade/stage  is  included  in  parallel  on  two  dicd«s  (D,  and  \?,  , s i i 

D4  etc.).  Bias  voltages  to  nonlinear  ce  ll/o leme r t s ire  suprli  r 
potentiometers  Ra,  R16,  and  ?32.  Fcr  the  creation  of  biir, 

vcltages,  are  required  two  stabilized  supply  of  power  of  posi*iv  ar  : 
negative  polarity. 

Detailed  calculation  of  logarithmic  video  amplifier  is  jiv-n  in 
chapter  VII.  Here  it  is  expedient  to  examine  the  selection  cf 
nonlinear  cell/elements  (dicdes). 


Recurrence  of  the  parameters  of  the  cell/elements  of  poluch  u t y a 
by  sufficiently  good  during  the  measurement  cf  the  current,  which 
takes  place  through  the  cell/element,  at  three  values  of 
direct /constant  voltage.  one  of  the  measurements  of  current  one 
should  produce  by  the  voltage,  equal  to  the  computed  value  of  *•{■•'  lit 
vcltage  of  f-.  „ two  other  measurements  they  are  conducted  by  the 


L 


same  voltag 
shunting  of 


ps,  as  during  the  selection  of  diodes  in  Mie  can 
plate  load. 


O!  tjir- 


t A i i ' 


1‘".  63.  Schematic  diagram  of  logarithmic  bideo  amplifier 
ith  nonlinear  feedback: 

= tube;  = diode;  ho.-,  = kohm;  ,h0  = yF. 


.n„  ji,  — fi/Koii:  n>.  a,. 


. a,,  n.  a„  a 


r " V°°  KRM  - V 2^o1"'rR "r^"p^'1'p'R"'  -Iokom:  p\\'  r“,  «!,?  ft™'  I'i  *«; 
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The  scatter  ot  the  value  of  the  currents  of  separate  diodes  n/  !.o* 
exceed  5o/o. 

If  for  a decrease  in  the  initial  resistor/resistance  of  the 
nonlinear  cell/e lement  of  aaaaaa  they  ccnnect  in  parallel  two  diode, 
then  them  they  select  as  fellows.  Measure  the  resistor /res  ista  rc< 
diodes  in  forward  direction  with  voltage  +1c,  and  then  these  diodes 
tank  in  pairs  so  that  the  cesistor/resista  r.ces  of  pairs  would  be 
ident ica 1. 

Example.  Let  us  assume  that  six  diedes  of  the  type  of  D2E  *i*i 
voltage  1 in  have  the  following  res  ist  or/resis  t a r.ces : the  first  is 

= 22 0 ohm;  the  second  - R2  = 240  ohm;  the  third  is  R3  - 210  ohm;  t!> 
fourth  - R4  = 2555  ohm;  the  fifth  is  P5  = 245  ciry  of  the  six+n  - r 6 
227  ohm.  In  order  that  the  pairs  of  diodes  would  have  identical 
resistor/resista  rices,  necessary  to  combine  the  first  diode  with  i-h-' 
tifth,  second  with  the  sixth,  the  third  wit!  the  fourth;  the  first 
pair  - -=  l Hi  ohm;  the  second  pair  - ^ Ufi.i;  ohm;  the  third 

pair  - A’,,,  - ! 15  ohm.  At  this  selection  of  diodes,  the  recurrence  of 

the  parameters  of  nonlinear  cell/element s is  obtained  su  ft  icier,  t ly 
good. 


Figures  64  and  65  give  the  experimental  amplitude  characterise 
cf  one  nonlinear  cascade/stage,  assembled  on  a tube  of  the  *ypc  ct 
6J5P  fer; 

1)  the  constant  value  cf  displacement  on  the  nonlinear 
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cel  1/e  leme  n ts  of  the  *■' - v and  of  the  different  v-ilut  * 

res  istor/resist  anco  of  the  feedback  of  /'  1,:.;  H;  1 and  ft  to-e/w* 

(resistor/resistance  R3  in  the  diagram  of  rig.  f>3)  ; 

2)  the  constant  zncheniya  of  the  resistor/resistance  of  th,> 

AV c=3  h and  different  values  cf  the  voltage  of 

£c»neA  = 0,3;  0,25;  u, 2 ^ 0.15  //. 

From  figures  it  is  evident  that  with  an  increase  in  the 
resistor/resistance  of  and  a decrease  in  the  voltage  of  /: r„IICJI 

the  range  LAX  increases,  but  in  this  case  decreases  the  maximum  factor 
cf  amplification  of  cascade/sta  ge  Kx.  Changing  the  values  of  * '• 
resistor/resistance  of  /v>0  c and  voltage  of  possible  easily 

and  rapidly  to  obtain  the  amplitude  cha racteristic  of  ca sea  de/s tage , 
necessary  for  the  successive  work  of  nonlinear  cascade/stages. 
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Fig.  6F.  Amplitude  characteristics  of  cascade/stage  with  the 
nonlinear  feedback  with  cf  it  . = 3 ko*  «=  const  l',.  ==  var. 

Key:  (1).  v.  (2). 


piq.  66.  Amplitude  characteristics  of  lcgarithttic  video  amplifier 


with  the  nonlinear  feedback: 


+ 0.1  9 s\ 
— 0.21  a, 
+ 0.1  7 e\ 


C 1-20- 77 


p A ■ ’ £< 

Figure  66  shows  the  amplitude  characteristics  of  the  amplii  i<  r 
(unbroken  curves),  t lie  pr  intsipi  1 ' nya  of  diagrams  of  which  is  jiv-i. 
the  n cf  Fig.  63.  K hrkter  istiki  correspond  to  tie  different  vu  1 u*  •' 
bias  voltages  on  the  nonlinear  ce  ll/element r , indicated  under  figure 

On  the  basis  of  the  conducted  theoretical  and  experimental 
investigations  of  logarithmic  amplifier  with  nonlinear  cell/cle"  : t; 
in  the  cathode  circuits  cf  amplifier  stages  it  is  possible  to  :ikr  - 
following  conclusions: 

1.  Range  the  LAX  cf  one  cascade/stage  can  te  obtained  to  2c.-30 

dS. 

2.  if  as  nonlinear  cell/elements  are  applied  germanium  liodcs 
the  type  of  DG-Q  or  D2,  then  the  greatest  range  the  LAX  of 

casca de/stage  is  obtained  during  the  bias  voltages  of  £CM,ie1  = 0,l — 0,15 

v and  the  resistor/resistances  of  the  feedback  cf  the  A’,,  , = 3 — 6 
/p^/nv  The  LAX  of  c asca de/s* ag e begins  with  the  input  voltage  ot 
Uex,  = 30— 80  mV. 

3.  Si  ope/t  ra  nscon  duct  ance  the  LAX  cf  amplifier  and  its  nriu<  i 

is  very  easy  to  change  by  changing  the  stress  of  . 


Fig.  67.  Diagram  of  one  of  the  versions  of  the  application  ot  voltage 
ot  displacement  to  nonlinear  cell/elements  from  cf  anode  pnvnt  supply. 

Key:  (1). 
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4.  In  n -ca sc ade  amplifier  it  is  possible  tc  c.tcry  >u  t a * : i ■ - * 1 

successive  work  of  nonlinear  cascade/stages,  which  makes  it  po  , ■ 

in  four-stage  amplifier  to  cttain  LAX  in  the  range  to  80-101  1 wi*. 

accuracy  2- 3o/o.  In  this  case,  the  amplifier  is  not  overloaded,  it 
does  not  lose  the  maximum  sensitivity  and  amplifies  without  cliigirg 
tc  10-  18  in. 


5.  The  amplitude  characteristic  of  amplifier  is  very  stable 
during  a change  of  the  repetition  frequency  and  pulse  duration  in 
limits  of  F = 500-8000  Hz  /„  ~ 0,3 10  p s. 


6.  Any  deflections  of  the  amplitude  characteristic  of  ti-casca 
amplifier,  caused  by  ageing  and  the  exchange  of  tubes,  can  be  ; ov> 
by  a change  in  the  lias  voltages  on  nonlinear  ce  1 1 /e  leme  nt  s into  th< 
cascade/stages  in  which  were  replaced  the  tubs. 


7.  The  essential  advantage  of  diagram  is  a good  recurrence  of 
the  parameters  of  the  amplifiers,  assembled  by  this  diagram. 


Asymmetric  amplifier  has  the  following  def  iciency/lack s: 


1.  It  amplifies  according  to  logarithmic  law  the 
moment um/impu lse/pu lses  only  of  any  one  polarity.  The 
mo  irent  um/im  pulse/pul  ses  of  another  polarity,  in  particular  parisitic 
reverse/inverse  overshoots,  are  amplified  according  to  linear  law, 
which  leads  to  excessive  rostuparaz itny kh  reverse/inverse  overshoot: 


at  the  output  of  amplifier  during  an  increase  in  the  input  signal. 
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This  def iciency/lack  can  be  removed,  by  including  the  diodes,  whir: 
cut  reverse/inverse  overshoots,  after  transient  ca paci^a nee /can aci * v 
(in  Fig.  63  diodes  D.,,  C6,  C7,  D8)  or  to  it  (diede  D3  ir  Fi  7*  t 7)  • 

It  is  most  expedient  to  switch  on  the  cutting  diodes  to  transiet.*- 
capaci tance/ca paci t y , since  in  this  case  the  parasitic  rove r se/ i n ver s- 
overshoot  of  nonlinear  cascade/stage  will  be  smallest  and  egual  to  t 
parasitic  reverse/inverse  overshoot  of  linear  c ascade/st age . 
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Fig-  f>8 . Schematic  diagram  of  symmetrical  lcqarithmic  video  a m p 1 i.  f i l 
with  the  nonlinear  feedback:  I.,,  L2,  L3,  L*  - t J5P;  Dj , D2  , ...,  r> , 

- D2J ; Pi,  Rni  P21,  P31  ~ r'b  — ; P?,  R 1 2 1 P?2,  H32  ~ 32n 

R 3 I R 1 31  P 2 3 # P33  ~ ^ /2  a P fc  * P 1 6 » P 2 6 » R 3(>  ~ ^ ^ //,'/  ‘‘7  17, 


'27«  37 


2 0,  III,  * U 


- 2 2 B*,  Rs»  Pq,  Hi**  Pis,  Pi  9*  P 2 ♦ , P 2 5 , R21,  H3*,  c.is,  39, 

IP  ^ — Ci*  C3,  C 8 , C i 3,  ' 1 e — 0.1  (jFl  C 2 * A 7 , C i 2 , 17  — - • M P • 
C*,  C 9 , Ci*,  C , , — 10.0  pF  : is,  A*6»  C 1 o , C 1 1 , C j s , ^ is,  -20,  C ? 1 
30.  0 (j  F . 

Key : ( 1)  . K 
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It  should  be-  noted  that  the  separa*-  ing  capacitance/capac it v t 4 ro 
a certain  degree  is  correcting  (decreasing)  reverse/inverse  parasitic 
overshoot,  since  its  effect  cn  the  transient,  processes,  which 
place  in.  cascade/stage  after  the  break-down  cf  ir  craent  u ;n/int  pu  1 •/ 1.  u 1 :■<  , 

tc  the  opposite  influence  of  the  transient  capacitance/capa city  C3. 

2,  For  the  creation  of  bias  voltage  on  nonlinear  cell/cl'  t-i  tw 
is  required  d irect/consta nt  voltage  of  Loth  polarity.  This 
deficiency/lack  can  be  removed,  if  the  lias  voltage  of  £c  is 

created  because  of  a difference  in  direct/consta rt  voltages,  remove- 
from  the  resistor/resistance  of  feedback  (R3  + F2)  and  of  voltage 
divider  PB,  K9  and  Rl0  (Fig.  67).  by  changing  the  value  of 
resistor/tesist  a nee  R,,  on  nonlinear  cell/element  i*  is  nossibi<  *0 
create  the  necessary  both  positive  and  negative  bias  voltage.  Ir  tnic 
case  is  required  the  stabilized  voltage  cf  anode  power  supply. 
Resistor/resistances  P8  and  R,  0 protect  sen  iconductor  diode  from  M.e 
incidence/impingement  on  it  of  high  d ir  ect/cens  t a nt  voltage  duriro  ti.- 
complete  derivation  of  potentiometer  P.9  to  one  cr  another  side. 

Doth  indicated  deficiency/lacks  are  absent  from  the  symmetrical 
logarithmic  video  amplifier  when  in  the  cathodes  of  amplifier  sM.ier 
are  included  nonlinear  cel  1/cletnent  s by  diagiam  in  Fig.  16. 

Page  106. 

Figure  6H  depicts  the  schematic  diagram  of  four-stage  symm*  triral 
logarithmic  video  amplifier,  while  Fig.  66  - its  amplitude 
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characteristic  (is  curve  3).  Upon  the  inclusion  into  the  a nod 
circuits  of  the  cascade/stages  ot  the  cutting  detectors 
re verse/ir. verse  overshoot  at  the  output  of  multistage  ampliiier  it  * 
end  of  the  logarithmic  range  70-B0  IB  is  not  virtually  noti(.>ahl-  . 

Deficiency/lacks  in  the  symmetrical  logarithmic  vid“0  amplifier 
are  the  more  complex  amplifier  circuit  ard  the  need  for  the  1 a r . • 
number  of  nonlinear  cell/elements.  As  is  krevn,  with  ar.  inrreas>  i: 
the  number  of  nonlinear  ce  1 l/elemen^  s,  the  reliability  of  the  work  >f 
amplifier  decreases. 

Obtaining  LAX  in  video  amplifier  by  the  addition  of  the  voltages  iron 
the  cutput/yields  of  linear  cascade/stages. 

The  schematic  diagram  of  the  two-stage  video  amplifier  in  which 
the  LAX  is  obtained  by  the  addition  of  voltages  from  the  output/yi<  Ids 
of  linear  cascade/stages,  is  depicted  on  Fig.  69.  In  order  that  tpP 
voltages,  which  enter  from  the  cutput/yields  of  amplifier  stage  UK, 
and  of  the  UK2,  assembled  on  tubes  L,  and  L2,  would  store/add  up 
themselves  at  the  output  of  amplifier,  in  parallel  *0  ^ach  ampli:i.-r 
stage  was  connected  cascade/stage  with  the  factor  of  amplification  of 
/(„  =5  l . Supplementary  cascade/stages  are  intended  for  a transmission 

(repetition)  without  distortion  of  the  signals,  which  enter  *h-'ir 
inputs.  Because  of  this  their  amplification  factors  ios*- 
t selescbrazno  to  undertake  equal  to  unity.  Let  us  agree  such 
cascade/stages  to  call  repeaters.  Unlike  cathode  follower,  they 
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change  the  phase  of  the  transmitting  voltage  on  180°.  The  t -p<-  :a  ♦‘■•r ; , 
assembled  on  tubes  L3  and  L4,  let  us  designate  respectively  Ij  and  T?. 


Amplifier  stages  and  repeaters  interconnected  in  pairs-  A 
decrease  in  the  factor  of  amplification  cf  repeater  *o  unity  is 
achieved  by  means  of  the  inclusion  into  the  cathode  circuit  of  *he 
tube  of  the  high  resistor/resistance  of  the  feedback  of  A'.-,. * vA’ 
in  the  cathode  of  tube  L3  and  P18  ♦ K,g  in  the  cathode  of  tube  1,) . 
The  necessary  condition  is  the  ability  cf  repeater  to  pass 
sufficiently  large  signals. 


i 
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Fig.  69.  The  schematic  diagram  of  the  logarithmic  video  amplifier 
which  tie  LAX  is  obtained  ty  the  additicr  cf  the  voltages:  I,,  1 2 

- 6J5P;  L,  - 6K4P;  R , , R7,  F13,  P17  - 56  comas;  F?,  Rs  - - 110  ohn 

— 25  /?  R * # R i □ — 2.2  /ds R^,  R 1 1 — 1 /p  '&f  0 1 ? ~ d . 1 

’ P<»  — 75  t?  f - Ri6»  Rjo  ~ 33  /?  ; Pi*  _ 240  ohm;  15,  'iq 

Pifl  — 500  ohro;  C j f C5 , C qf  ^-ti»  ^13  are  G.1  F ; ^ 2 * '■  3 1 *r 

C 7 # C 0 ( C | 0 , Cjj  - 2.0  pP» 
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For  this,  follows  to  increase  the  resist  cr/ r es  ista  rice  of  sc  as. 

the  more  the  /?„,  c,  to  t h<=>  facts  with  large  signals  it  is  absent  the 

overloading  of  repeater.  But  of  a consideraLle  increase  ir.  «-ho 
resistor/resistance  of  R„.  e the  factor  cf  amplification  of  :g,at.; 
stanvitsya  less  than  unity.  For  the 

preservation/retention/maintaining  of  A'„  it  is  necessary  to 
increase  anode  resistor/resistance.  This  leads  to  the  fact  tha*  f !:■ 
remya  of  the  establishment  of  the  mcmentum/impulse/pulse  of  tyi  it 
the  output/yield  of  amplifier  stage  considerably  increases.  In  order 
that  time  of  /y,  would  be  small,  the  anode  resistor/resistance  of 
amplifier  stage  is  undertaken  as  part  of  the  mcdn  resis+or/r^sistanc 
cf  repeater.  Thus,  for  instance,  in  the  diagram,  depicted  on  Fig.  t), 
by  the  anode  resistor/resistance  of  the  cascade/stage  of  tIK  ? is  ti:--> 
resistor/resistance  R,lf  and  the  anode  resistor/resistance  of  repeater 
P?  - the  sum  of  resistor/resistances  R,,  + Rio-  After  inpu*  process 
cf  the  amplifier  of  positive  pulses  on  the  input  of  repeater  P?  (tub* 

L4)  enter  negative  signals.  In  order  that  repeater  would  pass  large 
negative  signals,  it  must  be  fulfilled  with  variable  slope  electron 
tube  in  the  zone  of  negative  stresses  (tube  cf  the  type  of  6K4P)  . 

Page  108. 

Remaining  amplifier  stages  it  is  expedient  tc  fulfill  with  th  : tul  *>:  , 
which  have  characteristic  with  sharp  as  the  cutoff  of  anodp  cutr^r. 

(tube  cf  the  type  of  ’zheP,  6J5P,  6J9P,  etc.). 

Let  us  examine  the  work  of  diagram.  The  entering  on  the  input  or 


■ 
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amplifier  small  stress  is  amplified  linearly  by  the  cascade/;, t . j . 

UK,  and  UK2  with  the  maximum  amplification  tactcr.  With  ar.  inci> 
in  the  input  voltage,  the  last/latter  ca  sea  de/st  age  UK2  jraduallv  i 
impregnated  and  its  amplification  factor  decreases.  The  complete 
saturation  of  the  cascade/stage  of  UK2  cccurs  upen  reaching  by  ti,. 
input  voltage  of  the  determined  level  on  which  the  cascade/sta  :c 
ceases  to  amplify.  Voltage  from  the  output/yield  of  the  cascade/;  t ■ . 
cf  UK,  in  this  case  transmits  to  the  output/yield  of  repeat P2 
the  factor  of  amplification  of  //  i and  store/adds  up  itself  n*1 
the  voltage,  which  enters  from  the  cutiut/yield  cf  the  cascade/.,*  » . 
of  UK2.  Subsequently  with  an  increase  in  the  miut  sijnal,  is 
overloaded  the  case  a de/st  age  UK,.  Then  vcltaje  from  the  irput 
amplifier  transmits  to  output/yield  by  repeaters  F,  and  P2  tr  1 
store/adds  up  itself  with  the  voltages,  which  enter  from  th> 
output/yields  of  cascade/stages  UK,  and  cf  UK2.  Since  the 
cascade/stages  of  UK,  and  UK?  during  an  increase  in  the  input  volt  i 
are  overloaded  gradually,  as  a result  of  the  addition  ot  th>  vrltage 
from  the  output/yields  of  linear  ca scade/stages  is  obtained  th 
logarithmic  dependence  between  the  output  and  the  input  t/„. 

by  voltages. 


With  the  appropriate  podobore  of  the  tncde/cond  i t ions  of  l ;•  it>  i 
and  amplifier  stages  it  is  possible  to  obtain  the  sufficiently  ir»ci:  ■ 

logarithmic  dependence  between  of  x and  U„x,  In  amplify  i t ' 

icde/conriitions  of  repeaters  are  fitted  in  such  a way  that  tie 
repeater  P2  passes  negative  signals  to  15  into  with  the  transmission 
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Kn  = 1 . 

s igna Is 

to  60  C - 

from  An  = 0,5 

and  signa  Is  T c 10 

into  from 

A'„  = 0,3; 

s igna  Is 

to  30  C - 

from  A„  = 

and  signals  to  hr 

- from  /v*n  — 0,35. 


For  a decrease  in  the  deflection  of  exper  i irental  characteristic 
from  accurately  loga rit hm ic,  it  is  necessary  that  the  overloading  of 
amplifier  stages  would  begin  with  lesser  input  voltage.  For  this 
purpose,  the  screen-grid  voltage  ot  tubes  I ! and  L2  is  taken  dO  in. 

In  this  case,  the  factor  cf  amplification  of  the  linear  cascade/stao*-.' 
K , = K 2 = 8. 


Figure  70  depicts  the  experimental  characteristic 
amplifier.  From  the  figure  ere  can  see  that  the  range 


of  t wo-stage 
LAX  is  ‘--qual 


t o 


hO  dF. 


Fitj.  70.  Amplitude  characteristic  of  logarithmic  amplifier  wit'  i*>  : 

the  dovatel'nym  addition  of  voltages. 

Key : ( 1)  . in. 


01-20-77 


pa  ; 


ll1 

In  this  case,  the  deflection  of  experimental  charactorist ic  tro" 
accurately  logarithmic  does  not  exceed  5c/o.  The  mor^  precise  iax  of 
amplifier  can  he  obtained,  ty  increasing  the  number  of  cascade/  * t u . 
But  in  this  case  becomes  com p 1 ica ted  the  adjustment  of  logarithmic 
amplifier,  since  grow/rises  the  number  cf  adjustable  repeaters. 

The  exchange  of  tubes  in  amplifier  causes  the  supplementary 

deflections  of  experimental  characteristic  from  accurately 

lcqar  it  hmic.  These  deflections  can  be  removed,  by  changing  Mi"  vain 

cf  the  resistor/resistances  of  feedback  in  repeaters. 

It  is  possible  to  note  the  following  advantages  of  * he  liagra"  : 
question:  1.  The  stability  cf  the  amplitude  charact.  t is  - ic 

cf  this  amplifier  is  determined  in  essence  ty  the  stability  of  * • 
parameters  of  tubes  and  is  higher  as  compared  with  the  stability  o: 
the  amplitude  chara  c ter  ist  ics  ol  the  logarithmic  amplifiers,  in.  whic.. 
are  applied  pluprovodnikovye  diodes. 

2.  The  absence  of  delay  line  which  is  necessary  in  obtaining  IV 
in  UPCh  by  consecutive  detection.  The  role  cf  delay  line  in  Mi:  ca.-> 
fulfills  cascade/st age- repeaters. 

Def iciency/lacks  in  the  diagram: 

1.  Are  required  two  amplifier  tubes  to  each  cascade/stage,  which 
leads  to  an  increase  in  the  overall  sizes  ct  amplifier. 
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2.  As  a result  of  the  overloading  cf  amplifier  stages,  i ■»{ 
the  instantaneous  restoration/reduction  cf  the  naximum  e-mis  i * i v i - y of 
amplifier  after  the  freak- down  of  large  signal. 

If  to  the  input  of  two-stage  amplifier  enters  positive  signal, 
then  is  overloaded  the  first  cascade/stage  and  the  recovery  ♦imp  of 
the  sensitivity  of  amplifier  in  essence  is  determined  hy  the  recovery 
time  of  the  sensitivity  of  this  cascade/stage.  For  the  elimination  of 
the  overloading  of  the  first  cascade/stage,  it  is  expedient  at  e, 
input  of  amplifier  to  supply  diode  limiter. 

Page  110. 

§ 2.  Logarithmic  1 ow- t r eg  uency  amplifiers  (UNC  [ - 1 ow- f re  : u-  i:cy 

a n p 1 i f ier  ])  . 

Foi  the  amplification  of  the  fluctuations  cf  audio  frequency  it 
is  possible  to  utilize  bipolar  logarithmic  amplifiers  with  the 
nonlinear  divider/denominators  and  with  nonlinear  feedback  in  which 
the  amplification  changes  virtually  instantly  ir  accordance  with  M 
i rsta n taneo us  value  of  signal.  Because  cf  this  during  the 
amplification  of  harmonic  oscillations  by  logarithmic'  amplifiers  with 
instantaneous  gain  control  ate  observed  signal  distortions  w!  re! 
develop  themselves  in  the  flattening  of  the  sinusoidal  form  of  cut v<  . 
This  leads  to  the  fact  that  with  an  increase  in  the  signal  lev  1 
changes  the  re  lat  ionshi  p/rat  ic  between  the  anplitude,  avera  i>  and 


C 1-20-7  7 


' ' i 


1,1* 

effective  values  of  the  intensive  signal.  In  certain  metering 
equipment  ir.  which  are  applied  the  logarithmic  amplifiers,  t ' * * . • 
distortions  are  inadmissible. 

The  amplified  harmonic  oscillations  by  amplifier  are  not 
distorted,  if  ampli t ica t ion  is  changed  lecause  of  a change  in  *!■ 

mutual  conductance  of  tubes  on  the  low  signal  levels  in  accordat.ce 
with  its  average  value.  Such  amplifiers  include  the  logarithmic 
amplifiers  with  automatic  gain  control.  The  time  constant  of  M:c 
circuit  of  adjustment  is  selected  in  accordance  with  the  requires,  r.t.  , 
imposed  for  equipment/device,  into  composition  of  which  the  t i z r.  y or 
characteristic  the  ccntrcllinq  voltaqe  car.  be  supplied  to  the 
managers,  to  pentode  or  to  the  screen  grids  cf  tubes. 

Logarithmic  UNC  with  AG C on  the  control  electrodes  of  Mibes. 

In  logarithmic  UNC  with  AGC  or.  the  control  electroies  of  rules, 
schematic  diagram  of  whom  is  depicted  on  Fig.  as  71,  are  applied  * h. 
amplifier  tubes  of  6K4P  with  the  elongated  c ha r act er ist ic.  in  this 
amplifier  it  is  possible  to  obtain  the  dynamic  range  LAX,  which  is 

necessary  to  one  cascade/stage,  30-35  dP  and  small  distortions  >• 
harmonic  oscillations. 
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Fig.  7 1.  Schematic  diagram  of  logarithmic  UNC  with  AGC  on  the  cor.t 
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Key:  (1).  in.  (2).  output/yield. 


Fig.  72.  Amplitude  characteristics  of  logarithmic  HNC  with  AG''; 
cn  the  control  electrodes  of  tules;  2 - cn  tne  pentode  grids  of  tui 

Key:  (1).  in.  (2).  vkhdfc. 


The  circuit  of  adjustment  (feedback  loot)  consists  of  widvlari 
amplifier  on  tube  L 4 the  type  of  6J1P  with  negative  feedback  mo  t Is 
detector,  assembled  on  a germanium  dicde  of  the  type  of  DG-07. 
Amplifier  in  the  circuit  of  adjustment  must  have  a passband  of 

frequencies  considerably  mere  the  passband  cf  the  adjustable 
multistage  amplifier  (logarithmic  amplifier)  in  order  that  the  Jair. 
control  would  be  uniform  in  all  frequency  band,  passed  by  logarithmic 
amplifier.  The  load  of  detector  (resistor/resistance  : C>1  comas) 

is  selected  from  the  condition  of  obtaining  the  sufficiently  slow 
response  of  the  charge  of  the  capacita nce/ca paci ty  of  the  load  of 
detector  C,  The  c el  1/e  lemer.  t s of  filters  fi2  , F6 , P,u,  C,  , d4  and  C7 
are  selected  so  that  the  time  constant  cf  filters  would  be 
considerably  more  than  the  period  of  lowest  treguency,  passed 
logarithmic  amplifier.  The  controlling  voltaje  from  potentiometer 
(resistor/resistance  R14)  is  supplied  tc  the  control  electrodes  ot  all 
three  tubes. 

Page  112. 

By  moving  the  wiper,  possible  fast  enough  to  fit  the  necessary 
amplitude  characteristic  of  amplifier.  Output  vcl tage  can  bo 
remove/taken  from  the  load  of  the  third  cascade/stage  (out  put /y  i id  I) 

or  from  the  lead  of  the  fourth  cascade/s ta qe  (output/yield  IT) 
depending  on  the  type  of  indicator  and  its  sensitivity.  Ex  per  i m>- n t a 1 
amplitude  characteristic  on  output/yield  I is  depicted  or  Fig.  7 b (i>, 
curve  1) . Dynamic  range  LAX  to  100  dB  with  an  accuracy  to  2o/o. 
Slcpe/incl  ination  and  dynamic  range  lax  can  be  changed,  by  sieving  ♦ , . 
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Logarithmic  UNC  with  AGC  on  the  pentode  grids  of  tubes. 


During  gain  control  on  control  electrode,  the  tube  nust  have  tl.e 
elongated  characteristic  with  alternating/variatlo 
slo pe/ t ra nscond uct an ce.  A deficiency/lack  ir  such  tubes  is  a 
com  par at ive ly  small  mutual  conductance.  Furthermore,  with 
sufficiently  large  signals  AGC  on  control  electrode  do  not  providf  hi.--* 
undistorted  amplification  of  signal.  Tubes  with  large 
s lo pc / t ta nscond uct a n ce , as  a rule,  have  short  characteristic  wi+ n 
sharp  as  the  cutoff  of  anode  current.  Effective  AGC  in  such  tubes  is 

obtained  during  the  supplying  of  the  controlling  voltage  on  ‘he 

pentode  or  screen  grids  of  tube. 

The  smallest  distortions  of  the  form  of  the  amplified  sign.il  -n- 

observed  during  the  supplying  of  the  controlling  voltage  on  p-er^od- 

grid.  This  is  explained  by  the  fact  that  the  mutual  conductance  cl 
tube  in  this  case  decreases  because  of  drift  down  and  the  linear 
section  of  characteristic  virtually  dees  not  charge.  During  t.h 
correct  selection  of  operating  point  it  is  possible  to  obtain 
amplification  from  logarithmic  law  in  wide  dynamic  s-band  the 
prese  r vati  on/retent,  ion/mai  nt  ain  i ng  of  siruscidal  waveform.  Schematic 
diagram  UNC  with  AGC  on  pentode  grids  is  depicted  on  Fig.  7.1,  an!  its 
amplitude  characteristic  - on  Fig.  72  (is  curve  2). 


C 1 -20-77 


7A 

Amplification  in  diagram  is  regulated  as  follows.  The  re-d 
currents  of  tubes,  flow/lasting  through  resistor/resistance  ? 3 , create 
cn  it  voltage  drop  on  the  order  of  100  in.  Thus,  the  potential  cl  * 
cathodes  of  amplifier  tubes  L1#  L?  and  Lj  earth  referenced  is  • ;ual  r, o 
100  in . 
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resistor/resistances  of  filters  with  the  anc  !•»  cf  the  tube  I*  or:  which 
_ is  assembled  the  dc  amplifier  (UPT).  Tn  order  that  the  potent!  il  of 
the  pentode  grids  of  tubes  L,,  and  L3  wcull  be- equal  to  z«ro 
relative  to  cathodes,  the  potential  of  the  anode,  of  tube  L4  ear  * h 
referenced  must  be  equal  to  the  potential  of  the  cathodes  of  tub's  L,, 
L2  and  L 3 , i.e.,  100  in.  The  detected  voltage  is  remove/taken  from 

potentiometer  R,3  and  approaches  the  control  electrode  ot  tula  I4. 

Vi  it  h an  increase  in  the  signal  level,  the  detected  voltage  also 
increases,  which  causes  a decrease  in  the  potential  of  the  anode  T4 
and,  consequently,  also  the  potential  of  the  pentode  grids  of 
amplifier  tubes.  By  changing  the  position  cf  the  arm  ol  no  tent  i omen. i 
R,3  and  the  factor  of  amplification  of  UPT,  it  is  possible  sufficient 
easily  to  obtain  the  required  amplitude  characteristic  of  amplifier. 
The  constant  of  gain  control  is  determined  by  the  time  constants  of 
the  load  circuit  of  detector  and  filters  in  the  circuits  of  pentode 
grids.  During  gain  control,  the  potential  cf  the  screen  grids  oi 
tubes  must  be  constant.  For  this  purpose,  the  screen  grids  of  tul  _ 
are  connected  directly  with  of  anode  power  supply. 

Range  the  LAX  of  three-stage  amplifier  can  be  obtained  to  100—11 
dP  with  the  accuracy  of  order  2-3o/o. 
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Fig.  74.  Amplitude  characteristics  of  the  passive  logar  ith  mi  z i r.u 

c ha  in/net  woncs:  i D2F;  -----  C9A. 

Key:  ( 1 ) . [/  . ( 2 ) . tl 
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Logarithmic  UNC  with  AGC  on  screen  grids  can  be  assembled  by  analog!  us 
diagram.  The  dynamic  range  LAX,  which  is  necessary  to  one 
cascade/stage,  also  can  he  obtained  to  30-35  dE. 

§ 3.  Logarithmic  direct-current  amplifiers  (UPT). 

For  logarithmic  operation  of  direct,  current  and  th«  voltage  cm 
be  used  passive  nonlinear  chain/networks  (Fig.  47)  and  the  amplifier 
stages,  depicted  on  Fig.  48  and  50. 

Figure  74  shows  the  amplitude  characteristics  of  passive 
ncnlinear  chain/networks  when  using  as  the  nonlinear  cell/elrii^i  ’ ^ of 
germanium  diodes  of  the  type  of  D2F.  and  D9  V . Characteristics  ar 
given  for  the  different  valuta  of  se  r ies-ccn  nec  t ed  res  is*  or/res  i r t a nc*- 
H.  Ey  applying  d..odes  of  the  type  of  DG-Q  and  CY,  it  is  possible  * c 
obtain  the  amplitude  characteristics,  analogous  to  characte rist ici  i: 
the  case  of  using  diodes  of  the  type  D2.  Figure  74  shows  that, 
utilizing  prodiodov  of  the  type  D2.  Figure  74  shows  that,  by- 
utilizing  the  simplest  ncnlinear  chain/netwcrk,  it  is  possible  tc 
obtain  LAX  in  the  range  to  30-35  dB  (diode  D2E,  F = 100  comas).  Vori.s 
[27]  and  [41]  shows  that  range  the  LAX  of  passive  chain/net  worn  car.  it 
considerably  expanded,  by  applying  the  special  ccmpensat ing  source. 

A deficiency/lack  in  the  passive  ncnlinear  chain/networks  is  *1 
lew  transmission  factor.  This  deficiency/lack  is  absent  from  th* 
logar ithmiz ing  cascade/stages,  assembled  by  diagrams  in  Fig.  48  aid 
50.  For  a diagram  with  the  use  of  grid  currents,  it  is  necessary  * o 
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apply  the  tube,  which  has  large  grid  current  with  negative  voltages, 
tor  example  a tube  ot  the  type  cl  the  6J1P,  the  grid  characteristics 
cf  i.—f  (LU)  of  which  are  giver  in  Fig.  49.  The  aforesaid  is 
confirmed  by  Fig.  75,  on  which  are  depicted  the  amplitude 
characteristics  of  OPT,  assembled  on  the  tube  ot  holp  by  diagram  i r. 

Fig . 50. 


i 


C1-20-77 


In  <- 


Fag*3 


Fig. 


115. 


75.  Amplitude  characteristics  of  OFT  with  th^>  use  of  grid 


cur  re  nts. 
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Characteristics  are  given  fct  different  initial  tias  voltage  : 


grid  of  the  E,mm  with  of  the  R,  ^ 15  kom : R,  =»  r, 0 


an  d a !. 


Uh  = U,=-  120  «. 


For  obtaining  zero  on  output /yield  in  the  absence 


signal  on  the  input  into  the  cathode  circuit  of  tube  included 


compensating  voltage  of  £K  = 120  «. 


Figure  7 3 shows  that  th  - ivnami: 


range  the  LAX  of  cascade/sta ge  with  the  use  cf  grid  currents  cai  1 *- 
obtained  to  50  dB.  Range  and  s lope/ i re  1 i na t ion  LAX,  the  l^v^l  of  t ' 
input  voltage  with  which  begins  the  LAX,  and  the  maximum  factor  cf 
a mpl if  icat ion  of  cascade/stage  can  be  changed  by  changing  Mso  value  or 
the  grid  resistor  of  the  RCi  of  the  ancce  resistor/resistance  of  Ra 
and  initial  bias  voltage  of  . 


OPT  from  LAX  in  wide  dynamic  range  alsc  can  be  fulfilled  wiM  AdC 

cn  screen  and  pentode  grids.  The  diagram  of  the  cascade/staq®  cf  urn 
with  A GC  in  pentode  grid  differs  from  the  diagram  of  stage  of  * h- 
amplifier,  depicted  on  Fig-  73,  only  fact  that  into  gpr  are  aos-nt  t; 
transient  capacitance/capacities'.  Durirg  * he  appropriate  selection  of 
the  amplifier  gain  in  the  circuit  of  adjustment  dynamic  rar  -ge  * ; LAX 
cf  one  cascade/stage  of  UPT  with  AGC  in  pentede  cr  screen  grids  can  .. 
obtained  to  60-80  dB  with  accuracy  2-3o/c. 


Special  attention  into  OPT  from  LAX  it  is  necessary  to  give  Me 

stabilization  of  operating  point.  For  this  purpose,  it  is  “-xp<  > i.  t.* 
the  first  cascade/stage  to  execute  linear  with  large  amplification 
factor  and  with  the  stabilization  of  operating  pcint. 


The  block  diagram  multistage  the  OPT  in  which  Mie  LAX  is  ol 
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ever  a wide  range  according  to  the  method  of  the  addition  of  voltages, 
is  shown  in  Fig-  76. 

fls  the  loga r it h miz i ng  equipment/device  (LU)  it  is  possible  +o 
utilize  either  the  passive  lega  r it  h m iz  i n g chai  n/network  or  the 
1 ega ri  th  cr i z i ng  cascade/stage. 


The  work  of  amplifier  is  analogous  to  the  wer*  of  the  diagram, 
depicted  on  Fig.  14.  In  order  that  the  taker,  the  logarithm  signal 
cepnasally  store/add  up  itself  cr.  the  overall  lead  of  /?,„  LU  wer  = 
connected  to  the  out put/y ields  of  even  amplifier  stages. 


Fig.  76.  The  block  diagram  logarithmic  multistage  the  UPT:  1 - 

linear  amplifier  stage  with  the  stabilization  ot  operating  poir.*-;  2, 
3,  ...,  2n  - linear  cascade/st ages  without  the  stabilization  of 
operating  point;  p is  a feedback  loop;  LU  - the  logarithmizir.g 
equipment/device. 

Fig.  77.  Clock  diagram  logarithmic  UPT  with  linear 
divider/ denominator. 
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A precise  LAX  of  amplifier  is  obtained  when  factor  of  an  pli  f ica  * ion  K, 
com ponen t/1 i n k Y,  which  consists  of  two  case  ad  e/st  a ges , is  rum.  rinlly 
equal  to  the  dynamic  range  of  the  LAX  cf  the  logar ithmizing 
egu  ipment/de  vice  D,  , and  the  amplitude  characteristic  of  t h r latter  is 
described  by  expressions  (11.49)  and  (11.51).  In  this  case  dynamic 
range  the  LAX  of  the  amplifier 

D = Dvn+\ 


where  D i is  dynamic  range  LU. 

The  value  of  the  voltage  of  ^o*,  cn  the  input  LU,  upon  which  i r 
begins  to  logarithmrze  equipnent/device,  is  assigned  by  the 
appropriate  bias  voltage,  applied  to  conttcl  electrode.  Constancy  d 
output  potential  LU  after  having  emerged  from  the  logarithmic 
operat  ing  mode  of  the  obespechi vaetsvtorego  cascade/stage  of  * t. 
corresponding  component/li nk  Y.  For  the  us tcych i voyra bo ty  multistage 
liPT  one  of  the  two  cascade/stages  or  each  amplifying  circuit  Y m 
enveloped  by  negative  feedback.  Furthermore,  by  negative  f • e j;, a ••  can 
be  enveloped  entire  amplifier. 

The  block  diagram  of  another  version  multistage  UPT  from  LAX  is 
depicted  on  Fig.  77.  In  this  diagram  the  pccchere  inost'  of  arrival 
into  logarithmic  operating  mode  LU  is  determined  by  the 
divider/denominator,  which  consists  of  the  linear  resist  or/ r es i pts nces 

of  1?,,  R In  this  case,  must  cccut  the  following 

relationship)/  ratio: 


Cl  — 20— 77 


PA  di' 


R,  -i-  R,  + ...  -i-  % Rj+  R,+  ...  + Rr, 

R-.  + A’j  +....+  Rn  R a + A’,  + ■ ■ ■ + A'rt 


^<1-1  + Rn  n 

T, — I'l . 

A, i 


where  n is  a number  LU. 
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For  obtaining  precise  by  LAX  over  a wide  range  the  common 
amplitude  characteristics  of  the  lcga r i t h mi 2in g channels  (luxjs) , 
which  consist  of  linear  amplifiers  and  LU,  must  te  described  by 
equations  (11-49)  and  (11-51).  The  constancy  of  output  potential  of 
each  I U after  having  emerged  of  it  frcm  logarithmic  operating  mode  i 
provided  by  the  limiting  action  of  the  amplifier  stages,  confronting 
LU.  The  stabilization  of  operating  point  it  is  expedient  to  ex^cuto 
in  the  linear  casca d e/s t age,  connected  before  the  divider/d enomina t r 
The  factor  of  amplification  cf  this  cascade/stage  must  be  sufficient 
large . 


A deficiency/lack  in  the  examined  diagram  is  the  comparatively 
small  maximum  amplification  factor,  which  is  egual  to  the  product  of 
the  factors  of  amplification  of  the  first  cascade/stage  and 
lcgar it h miz ing  channel.  For  an  increase  in  the  maximum  coefficient 

amplifier,  it  is  necessary  to  increase  factor  cf  amplification  1ux>t 
which  complicates  diagram. 
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Chapter  Four 


SELECTIVE  LOGARITHMIC  AMPLIFIERS. 


For  the  amplification  both  of  the  nodulated  and  riot  moduli-, 
kilebaniy  of  high  frequency,  are  applied  the  selective  amplifi  : , 

which  are  divided  by  two  groups:  1).  tuned  amplifiers  will  t.a 

single-circuit  inclined  or  mutually  detuned  ca scade/stagos ; 2) . • ; 

band-pass  amplifiers,  which  consist  of  the  cascade/stages,  in  .uc.r: 
circuits  of  which  are  included  the  band-passs  filter. 

The  block  diagrams  of  the  different  types  cf  selective  ampluiti 
are  given  in  work  [25]. 

Concrete/specific/actual  schematic  diagrams  of  logarithmic 
selective  anplitiers,  their  pros  and  cons  most  tse lesooobra z r o -a 
examine  according  to  the  method  of  obtaining  LAx. 


L 
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§1-  Obtaining  LAX  in  selective  amplifiers  by  changing  the 
amplification  factor. 

Logarithmic  selective  amplifier  with  nonlinear  cell/elements  in  .:!«  :• 
c ircu i ts. 

In  multistage  logarithmic  selective  amplifier  in  the  shuntn  >• 
the  andonykh  loads  of  cascade/stages  by  velineyriymi  cell/e-1  emen T it 
is  nest  expedient  to  apply  the  amplifiers,  which  consist  of  th-- 
cascade/stages,  in  anode  circuits  ct  which  are  included  single  cr 
two-circuit  filters. 

In  the  logarithmic  amplifiers,  made  on  vapers  or  sets  of  t hi  * o;  j 

mutually  detuned  cascade/stages,  appear  the  distortions  of  the  [am  of  3 

resonance  curve,  what  is  an  essential  deficiency/lack  in  these 
amplifiers.  For  the  symmetricalness  of  the  resonance  character  i ic 
of  logarithmic  amplifier  with  the  mutually  rasstrreonnymi 
cascade/stages  vapor  it  is  necessary  that  both  cascade/stage ' or  * iir 
would  have  the  identical  kcetfitsenty  cf  amplification  with  any  ir:,ut  ; j 

vcltage. 

Page  11 9. 

However,  in  work  in  nonlinear  mcde/conditions,  the  factor  of 
a mplif ication  of  cascade/stage  depends  or  signal  amplitude. 
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signal  amplitudes  in  two  adjacent  cascade/stages  ace  always  dift-  i-  r*, 
also  amplification  factors  net  identical,  which  causes  the  1 is:;  y.nrt  - * t y 
of  resonance  characteristic.  For  obtaining  symmetrical  resonate 
character ist ic  in  this  amplifier,  it  would  be  necessary  to  apply  *. 

icde/conditions  of  simultaneous  work  the  vapors  (or  sets  of  t hr • j or 
cascade/stages  in  linear  and  nonlinear  mcde/conditions.  In  tni  . era:  , 

the  amplitude  characteristics  of  separate  cascade/stages  the  vapors 
(or  sets  or  three)  must  be  different  and,  therefore,  in  them  n-  cessaty 
tc  apply  different  nonlinear  cell/elements.  According  to  the 
conditions  of  production  and  operation  this  netselessobi azn o. 

For  the  sake  of  simplicity  in  production  and  operation  of 
logarithmic  selective  amplifier,  it  is  expedient  in  all  cascade/..- 1 a 
tc  utilize  identical  nonlinear  cell/elements. 

The  schematic  diagram  of  four-stage  logarithmic  tuned  a in  f:  1 i 
is  shown  in  Fig.  78.  LAX  in  amplifier  is  ofctained  by  tne  shun*  ir  4 et 
the  single  plate  circuits,  tuned  to  frequency  f0  = 20  MHz,  tv 
germanium  diodes  of  the  type  of  D2E  (dicces  c, , D2  etc.).  From 
potentiometers  R 20  and  a2,  to  diodes,  are  given  the  odinaovy-  ii  vein- 
zairay  ushchiye  voltages  of  ^,,^=±0,1  y For  obtaining  th* 

necessary  amplitude  characteristics  of  cascade/stages  conseeutivLy 
with  nonlinear  cell/elements  in  the  second,  third  and  fourth 
cascade/stages  are  included  active  linear  resist or/resista nc^s  oi 
ohms  ( resistoc/resistances  Ri0,  RJ4,  R18  etc.)  . The  amplitude 
c ta rac ter istic  of  the  last/latter  cascade/stage  is  depicted  on  ri  . 
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79.  Maximum  factor  of  amplification  of  cascade/stage  K,  = 8.  pigur< 
79  shows  that  the  characteristic  completely  satisfies  the  ti,  l.jv  iiv  ij 
of  the  successive  work  cf  casca  de/stage , since  ate  fulfilled 
equalities  Dj  = Kt  =8  and  1=1,  where  t is  a differential  factor  -i 
amplification  of  cascad e/sta ge  in  quasi-linear  operating  mode 
(^hx,  = 0,01  ]/ ')  U — U,08  [/ ) ■ In  the  decibells  cr 

L\<dfi)  = /Ci/og)  =18  dB. 


The  amplifier,  depicted  on  fig.  78,  has  the  following  parat-  t.  is: 
the  maxiaua  factor  of  amplification  K0  = a . 1 • 1 0 3 or  of 

X we,,  — 72,2  dB,  passband  or  work  in  linear  conditions  at  - o.u 

KHz. 


Fig-  78.  The  schematic  diagram  of  resonance  logarithmic  am  hi  it i 


with  nonlinear  cell/element  s foL  the  ancde  target/purposes  a*  t ,, 
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A rapli  t ude 


cnaracter ist ic  of  cascade/stage  with  thy  pi 


a 


shunted  by  nonlinear  c e 11/e le ment s . 
(1).  V.  (2).  Calculation.  (3).  V. 


Fig.  8 C. 


Amplitude  characteristic  or  resonance  logarithmic  ampl 
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The  amplitude  characteristic  cf  amplifier  is  given  in  Fig.  dU,  ti 
which  it  is  evident  that  the  LAX  begins  with  the  input  voltage  n 
— 2,5  ■ 1U-6  V and  terminates  with 

Dynamic  range  the  LAX  of  amplifier  composes  l = 70  dB  instead  >f  <-hc 
calculated  = 4Dl(d6)  = 72  dB,  which  indicates  tn 

strictly  successive  work  of  cascade/stages.  Accuracy  LAX  in  all  r-.i 
7C  dB  cf  order  2-3o/o.  Everything  said  in  §1  chapter  III  a font 
possibilities  of  obtaining  LAX  in  aperiodic  amplifiers  by  the  . ui  • . • i 
of  plate  loads  by  nonlinear  cell/elements  in  egual  measure  is  l la4  : 
alsc  tc  tuned  amplifiers. 

Let  us  examine  some  special  f e atur e/pec ul ia r it  ins  of  t nc 
calculation  of  band-pass  amplifiers  frcn  LAX. 

The  simplified  circuit  cf  cascade/stage  with  the  two-circuit 
filter,  shunted  by  nonlinear  cell/elements,  is  depicted  on  riq.  a.;  >1. 
The  resistor/resistances  ?!  and  R2  provide  the  required  passbanu  01 
cascade/stage  during  the  amplification  of  low  signals.  By  ii 
principle  nonlinear  cell/elements  can  be  shunted  both  one  of  the 
coupled  circuits  and  both  ducts.  For  the  shunting  of  both  duct.  , it 
is  necessary  in  n-cascade  UPCh  to  apply  the  large  amount  of  non  lit.  Mi 
cell/elements,  that  ne t selesoobr ezn o of  cne  cf  the  ducts. 

Nonlinear  cell/elements  to  include  in  the  first  (anode)  due. 
inexpediently,  that  as  in  this  case  it  is  necessary  to  switch  on  t L 
supplementary  isolating  capacitors,  which  prevent  nonlinear 
cell/elements  from  high  direct/constant  andonogc  voltage. 
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Fiy.  81.  The  simplified  circuit  o£  cascade/stage  with 
filter,  shunted  nonlinear  elemental. 


the 


v a (.; : 


its 


t w o-  c i rent 


Fig.  82.  Equivalent  diagram  of  nonlinear  cascade/stage  with 
two-circuit  filter. 
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Ir  ccnrection  with  this  let  us  examine  the  logarithmic  case  a d ■?/ t a j • 
in  which  nonlinear  cell/elements  shunted  the  second  (grid)  duct. 

Figure  82  depicts  the  equivalent  diagram  of  nonlinear 
cascade/stage  with  ddd  v u kh  kc  r.tu  t ny  m filter,  in  which: 

frni  — f,mJx  4.  gu  is  usudshennaya  resonance  conduct  ivi-  y .;r 

plate  circuit;  + - the  impaired  resoi.anc 

conductivity  cf  grid  circuit  not  allowing  fer  the  conductivity  0:  * 
nonlinear  cell/element  of  g„eJI;  gMi  and  gM>  is 

resonance  conductivities  of  respectively  anode  and  grid  circuits. 

one  of  the  most  essential  deficiency/lacks  in  any  logarituirio 
amplifier  is  the  dependence  ct  the  zapazdyvaiya  cf  signal  at  1 •_ 
cutput/yield  and  its  passfcands  on  the  amplitude  ct  input  signal.  1: 

in  cascade/stage  with  twc-circuit  filter  changes  resistor/r  “si  , - a r •• 

B 2,  which  shunts  the  secondary  circuit,  ther  namen'sheye  change  u.  -I  • 
time  lag  of  signal  it  is  reached  with  the  relat  ienship/r  at  io  or  1 1.,> 
parameters 

kc.  = 


whe  re 


1/u0C1R01  - the  attenuation  of  the  first  duct; 
H - the  coefficient  of  vza i moi ndk t s ii . 


- coupling  coefficient; 


Fage  123. 


Therefore  it  is  most  expedient  to  test  cf  diagram  and  f i 


C1-19-77 


PA  GH 


Z*l 


expressions  for  the  res  istor /resist  ances  of  nonlinear  cell/-l-  r, • : 
precisely  tor  the  case  when 


For  the  diagram,  depicted  on  Fig,  8 1,  amplification  factor  u 
resonance  in  this  case 


__  M0-S  }/  .'.,1.1 

0.  + i,  ' 


(IV-1) 


w here 


W0i 


£>=£02 (IV-2) 


Under  the  condition  of  small  voltages  from  0 of  up  to  the 
UaXl.  when  nonlinear  cascade/stage  works  ir  linear  conditio:.  , 

is  absent  by-passing  nonlinear  cell/element,  i.e.,  £W=0. 

Ihe  n 

Si  = •?»=  = - Sj  = ^ S« 

a nd 


K - “o-S /!'/■; 

#.  + *,*  (IV-3) 

In  the  work  of  cascade/stage  in  logarithmic  mode  the  output 
potential  of  the  cascade/stage 


Passing  to  tne  relative  voltages  z and  x,  we  have 
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whence 


K|! 

z"  = *7  *"• 


X\\ 


(IV-4) 


According  to  formulas  (IV.  1)  and  (IV. 2)  the  relation 


K± 

A', 


°1  + ?'n 


(IV-5) 


Substituting  in  this  otnoyeniye  of  the  value  of 
we  obtain 


and 


. , Cjffjj 

A’,,,.?,  ' C,A-„, 


1 + 


CoA 


2A02 


(1V-6) 
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The  degree  of  the  communication/connection  between  ducti  l 
characterized  by  the  coefficient 


taking  into  account  that  in  the  case  of 


/>'cb  — in  quest! 


In  the  work  of  cascade/stage  in  linear  conditions  coupling 


\ 


After  the  substitution  of  expressions  (IV. 6)  anl  (IV. 7)  inro 
equation  (IV. 4)  we  obtain 

( 

*11  Zll - 

I T 

Accordinq  to  expression  (II. 5)  relative  input  voltage  can  t.- 
recorded  in  this  form 

zn~' 

.v  , =,  (IV -9) 

Equating  the  right  sides  of  the  expressions  (IV.  ti)  and  (IV. 4)  , ::  i 

solving  relative  to  .r„  we  find 

w he  nc  e 


0 4JQ  — & 
’'A\, 


(IV- 1 0) 


! g.-JL') 


(IV-8) 


or  according  to  expression  (11.22) 
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*,"  = PV-  — 'nO.  + l’D,.  (IV- 13) 


Equating  the  eight  sides  of  the  expressions  (IV— 12)  and  (IV-11)  and 


solving  relative  to 


,,  we  obtain 


D,  (?, , | — a In  D,  — 1 + a)  (1  4-  ?')  — f'/i 


. (IV-14) 


w he  nee 


D,  — a In  Di  - I + a)  (I  + V)  — 8**, 


■.  (IV- 15) 


In  the  case  of  the  shunting  of  grid  circuit  by  1st  type  nonlin<  c 
divider/denouiina  tor  with  by  boll'shca  the  entry  impedance  ot  t. ; 
following  tube  of  the  (^ux  -*■  oo)  of  vyrazhenaiya  (I  V - 1 1 ) and 

(IV-15)  it  is  necessary  to  multiply  by  1 1 -f  . 

0-*/ 


Carried  out  oy  the  author  of  investigation  showed  that  value 

of  dianaiicheskogo  range  and  accuracy  LAX  in  tarid-pass  aaplifi  ,-r  can  1 
ettained  approximately  by  the  same  as  in  resonance.  However, 
tand-pass  amplifiers  are  more  complex  in  adjustment  than  tesona:  , 

what  is  their  de ticienc y/lack. 


Selective  logarithmic  amplifier  with  nonlinear  current  feedback. 
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The  schematic  diagrams  of  selective  lcgar fmicheskikh  ampliticr. 
with  nonlinear  current  feedtack,  intended  fct  the  a mpli  t ica  ti  jn  >: 
vibrations  up  to  1 MHz  frequency,  differ  from  the  diagram  of 
symmetrical  logarithmic  video  amplifier,  depicted  on  Fig.  6^,  only  ly 
the  fact  that  the  plate  loads  of  cascade/st a ges  they  are  either  in  ,1 
resonant  circuits  or  twc-circuit  band-passs  filter.  During  in- 
amplification  of  vibrations  with  the  frequencies,  which  reach  doze:.; 

megahertz,  pronounces  by-passing  stray  capacitance  on  the  cat-hod  • 
circuit  of  cascade/stage.  Because  of  this  the  active  nonlinear 
cell/element,  shunted  by  stray  capacitance,  ceases  to  affect  t . h- 
factor  ct  amplification  of  cascade/stage. 
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Fig.  83.  Schematic  diagram  of  resonance  logarithmic  amplifier  with 


nonlinear 

current  feedback:  Li , 
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Thus,  at  high  frequencies  negative  feedback  they  otsutstvut. 

For  the  elimination  of  this  phenomenon  into  the  cathode  circui* 
cf  cascade/stage,  it  is  necessary  to  i nc lude/c c nnec t the  oscillatory 
circuit,  tuned  to  a frequency  of  the  amplified  oscillations.  Dunr,  ) 
the  calculation  of  cathode  oscillatory  circuit,  cne  should  consi  ■ : 
that  the  value  of  stray  capacitance  between  cathode  and  filament  of 
tube  tor  the  different  types  of  tubes  varies  within  limits  from  1 t< 

10  nt,  but  the  capacitance  value  of  mounting  in  cathode  circuit  Co  i. 
reach  10-15  n f . Figure  83  shows  the  schematic  diagram  of  three-  - -i  j • 
resonance  logarithmic  amplifier  with  nonlinear  current  feedback,  while 
Fig.  84  - its  experimental  amplitude  characteristic.  Amplifier 
the  following  parameters;  resonance  frequency  t0  = 20  MHz;  the 

maximum  factor  of  a m pli  f ica  t ion  K0  = 64C;  passtand  of  raboye  airpliii-r 
in  linear  conditions  Af  = 1.2  MHz.  As  nonlinear  ce  1 1/eiemen - s an 
used  the  diodes  of  the  type  of  the  D2J  to  which  from  potentiometers 
R»,  fi 1 7 and  H2S  are  given  the  bias  voltages  of  £<.•»., Ic/Ii  = = 0,22 

£t»,  =0,23  IT* 
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Fig.  84.  Amplitude  characteristic  ot  tuned  amplifier  with  nonl 
current  feedback. 

2 


Figure  84  shows  that  the  range  the  LAX  of  amplifier  is  equal  * i> 

= 56  dB,  which  indicates  the  pococheredn uy u work  of  nonlinear 
cascade/ stages. 


Accuracy  LAX  in  selective  amplifier  with  nonlinear  feedback  car 
te  obtained  order  1-2o/o.  Procedure  ter  calculation  of  select!  v- 
amplifier  with  nonlinear  cell/elements  in  the  cathode  circuits  or  *i> 
cascade/stages  of  anaogichna  to  the  procedure  for  calculation  or 
logarithmic  video  amplifier.  Difference  entails  the  fact  tnat  in 
selective  amplifier  during  the  calculation  cf  the  resist.or/resistanc 

of  feedback  it  is  necessary  to  consider  the  resonance 
resistor/resistance  of  cathode  citcuit. 

Logarithmic  amplifier  of  radio  pulses  with  gain  control  on  pulse 
envelope. 

Automatic  gain  control,  in  practice  instantaneously,  in  tr.e 
cascade/stage  of  the  amplification  of  radio  pulses  can  be  obtain 
utilizing  negative  feedback  on  pulse  envelope.  Let  us  examine  t.. 

operating  principle  of  the  cascade/stage,  simplified  circuit  of  wi  ici. 
is  depicted  on  Fig.  85. 

The  resistor/resistance  of  rk  and  the  capacitance/capacit > r 
CK  are  selected  sc  that  the  negative  feedback  on  radio-f  roqu<-  ncy  is 
atsent,  and  on  video  frequency  (on  pulse  envelope)  it  occurs,  since  in 
cathode  circuit  is  isolated  the  detected  video  pulse.  The  ns  t n* 
cf  video  pulse  in  the  cathode  circuit  of  tyK  is  considerably  . ) , : ♦ r 


Ji 
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than  the  pulse  duration  of 
the  inequality 


In  this  case,  must  be  fulfill*  1 


<yK  <(0,1  — 0,2)  (IV- 16) 


The  voltage  of  video  pulse  is  the  voltage,  which  au tom  at  ica  1 i y 
controls  the  amplification  of  cascade/stage  during  an  increase  ii.  ♦. 
signal. 


Cl- 19- 77 


1 

p a 2*6% 

In  order  that  the  effect  of  detection  of  signal  and  control  of  t h > 
amplification  of  cascade/stage  would  begin  with  comparatively  s :i  all 
input  voltage  and  at  the  same  time  it  was  preserved  the  amplification 
ct  low  signals,  operating  point  necessary  to  select  on  the  lew- -r  par* 
of  the  linear  section  avedno-griu  the  characteristic  ot  tube.  Th» 
effect  of  the  gain  control  of  cascade/stage  grow/rises  with 
u y elic hen iy em  the  resistor/resistance  of  RK,  but  in  this  rase  ai.o 
increases  the  initial  cathodic  voltage  of  £Ki,  which  is  isolat-d 
during  the  resistor/resistance  of  RK  with  the  course  of  the 
constant  component  of  cathode  current.  For  tne  establishment  of 
operating  point  at  the  necessary  position,  it  is  necessary  a*  ir  - 
significance  of  R * into  the  grid  circuit  cf  tube  to  i ncl  ud  •;/ ■;on  r.  r* 

the  compensating  positive  voltage 

F r n 

— i'Kl(  — — 

= (IV- 17) 

where  , is  a constant  component  of  cathode  curren*  ir,  *i 

atsence  of  signal;  - the  initial  bias  voltage  in  th^  a f 

ct  signal. 

Consequently,  diagram  works  as  follows.  With  small  input  v - • , . 
the  constant  component  of  cathode  current  virtually  is  not  char  : 

amplification  is  not  regulated.  With  an  increase  in  the  amplitu-i-  i : 
input  signal  a^  a result  of  the  nonlinearity  of  the  character!  ;t  ic 
i(  , grow/rises  the  constant  component  ct  cathode  current,  thr  ; • iu. 
tc  an  increase  in  the  bias  voltage  of  £ -M  and  operating  point  (,  to, 
plate  characteristic  during  the  action  of  momentum/impulse/pul  • . 
shi tt/shear ed  to  the  left.  In  this  case,  the  amplification  of 


cascad e/staye  decreases.  It  is  possible  to  fit  this  value  of 


resistor/resistance  of  the  /?„,  with  which  is  obtained  the  i •pu:i<  ! 
rcc  a successive  work  amplitude  characteristic  cf  cascade/s  *■  a j-- . For 
obtainmy  effective  AGC,  it  is  necessary  tc  apply  the  tubes,  whir; 
have  lvye  characteristics  with  sharp  as  the  cutcff  of  anode  curt  nt, 
for  example  tube  of  the  type  of  6J1E,  6J3P,  6J5F,  6P9,  6P14P. 

Faye  129. 

The  calculation  of  cascade/sta ye  is  reduced  on  the  calculation  i 
the  curves  of  the  dependence  of  a change  in  the  constant  compo:.  nt  >4 
the  cathode  current  of  the  U.n  = l(U  1IX),  of  the  bias  vulv.i.j- 

of  Ecm  = 9(^bx)  and  fundamental  hatucric  of  the  a not 

current  of  L,  = 0 (fyHX)  from  the  amplitude  of  the  input  vo]tiv 

of  UBX  for  the  different  values  of  #K  and  £cm„  and  t hr 
selection  of  the  reyuired  curve  /a,  = 0(f/BX)  in  the  curves  cf  l 

f (x)  (see  Fig.  13)  for  rated  values  x,  and  K,  = u,. 

Curved  . u — f (U bx)  and  Ai,  — 0 ( U Hx)  ca  n L ■ 

designed  analytically,  if  are  known  the  analytical  expressions  c‘  * Ik 
andonoy  and  cathode  characteristics  of  tube,  graphically  or  to 
grafoa naiticheski,  if  there  is  a graphic  representation  of  the 
characteristic  of  tube.  The  characteristics  of  tubes  can  b 1 
approksmirovany  by  different  functions.  The  a p p rox  imat  ion  of  t _ 
characteristic  of  the  tube  cf  broken  straight  line  tor  the  calculitio: 
cf  amplifiers  from  LAX  is  unsuitable,  since  it  gives  lirye  erro;: 


J 
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especially  for  the  tubes,  irne yu ' shch ikh  characteristics  wit.,  t. 
elongated  lower  bending. 


Is  widely  common  the  image  of  the  characteristic  of  tube  wit:,  r .. 
aid  ct  polynomial.  Since  the  correct  r epr  esen  t a t icn/t  ra  nsf  cr  :i .a  t L ; 
real  characteristic  in  wide  range  of  change  requires  sufficiently  4 
bcl'shcyugo  of  the  nimber  of  terms  of  polynomial,  mathematical 
analysis  is  obtained  comparatively  tulkily. 


Simplest  and  at  the  same  time  that,  giving  high  accuracy  i.;  i : ■ 
approximation  of  the  characteristic  of  tube  with  the  aid  of  hypibolic 
tangent,  proposed  by  professor  N.  N.  Krylov, 


w he  re 


t'a  = /a.  (1  + th  pqaEcu),  (IV-18) 


q* 


/„,  are  an  anode  cathode  current,  with  of  £CM  = 0;  S - rt< 

mutual  conductance  of  tube  in  rectilinear  part;  p is  the  coe  f f i c i er.t 
with  the  aid  of  which  it  is  possible  to  obtain  the  confrontation 
approximation  of  characteristic  during  a change  in  the  stress  ov  . 
wide  limits. 


Approximation  by  the  exponential  function 
considerably  simplifies  mathematical  analysis, 
( £„„  - the  cutoff  voltage  of  tube). 


of  i,  = A (£,«-;- £„„)" 

if  degree  n int«qot 


u 

A 
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Fi>j.  86.  Approximation  of  the  cathode  and  plate  characteristics  ot 
tubes  6J3P  and  of  6J1P  by  the  hyperbolic  tangent:  1 - 6J3P; 

Uj  = -***  /;  - /so  rj  - im  - /yecm);  2 - *'«=•**  >"c 

(//■  a O.  VJ-  £'  )■  3 - lL  JC.  / ,o’  (/  f r/>  A ‘ r/*  J ■ *’  J - 

C*tY)  / s K \ 

4 - 6.3  IF;  Ua  = U,  • /-~  * ' 

; 5-  t<?  -/V.  X' t-#,  3.+S  *C„J. 

Key:  (1)  . mA.  (2)  . V. 
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Figure  86  shows  the  approximation  ot  the  cathode  characteristic  c 
tute  of  the  type  ot  the  6J3P  with  cf 

f's=  150  V by  hyperbolic  tangent.  with  a p prox  ima  t io  n is  t 


(J^  ~ ZOO  V and 


i • * n : 


the  j£  — jZQj  *A;  S = 8 mA/V;  p = 1.05  (is  curve  2)  and  p = 1.2  f 
(is  curve  j).  Give  of  aporoksimatsiya  sufficiently  accuratt  ly 
reproduces  the  cathode  characteristic  of  tute  during  a change  i -i 
stress  of  over  wide  limits. 


For  a circuit  analysis,  depicted  on  Fig.  85,  we  will  us<  t . 
approximation  of  the  characteristics  of  tute  by  hyperbolic  tang*;.*. 

During  the  supplying  to  the  control  electrode  of  the  tube  ci 
alternating/vaiiable  sine  voltage,  the  constant  component  of  th* 
cathode  current  of  ^ and  the  fundamental  harmonic  of  + h-  ar.od- 

current  of  can  be  determined  sufficiectly  accurately  Ly  ri. 

method  five  ordinates  [ 12].  The  current  of  X-K  n is  determit  _r 
from  the  formula 


' K,  II  — ■ 


+ 

(IV- 19) 


the  procedure  for  the  determination  of  the  currents  of 

I Mu  kc  * I mhii  i Ii  and  I2  is  shown  in  Fig.  87.  it  is  neco  . ary 
tc  note  that  the  current  of  J~k.n  must  fce  designed  fioit  the  cat  hod*? 
characteristic  of  the  tube  of  iK  = i, i,  ==/(/;,. M). 


A 


Since  for  the  diagram,  depicted  on  Fig.  85,  bias  voltage  on  t r. 
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control  electrode  of  £c»  = with  the 

approk smatsii  of  characteristic  as  hyperbolic  tangent,  we  have-: 

^U»KC  --  I*.  |1  -f  111  PVk  (U »X  + £hOU £*)]! 

/«„„  = /,.[!  + tli  p<7„  ( — Uex  -!-  Erom  - £„)]; 

I /I  \ 

:==  ^Kv  | 1 t.l  p(J K ( *2”  "T*  ^KOM  ’ f K ) » 

72  = /k.  [ 1 + tli  pq K j — y + £kom  — £k) ] , 

where  a cathode  cathode  current  with  the  voltage  oi 

£c«  = 0;  f/«  — 7 — ; SK  - the  slcpe/transconductanco  of 

the  cathode  kharakterichtiki  cf  tube  on  straight  portion- 


1 
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Substituting  the  value  ot 
expression  (IV  — 19)  , we  obtain 


PAG! 

/mhkc,  /„„„,  /j  and  1 2 into 


/k  n = /«.  { 1 + -y-  [tl]  P<7k  (t/« 

+ £„.-■-£«)  + til  P<7«  (— ^'ux-h 

’{'  ^ KOM  £*)]  'P 

j[tli/)gK(i(/„  -h 

— " ^kom  " /Ik)  ■f’ 

-(-  th  pqK  ^ ^ U BX  + 


p*  Ekom  Ek 


. (IV-20) 


In  turn, 

/Ik  = /«.  n/?K.  (IV-21) 

This  eguation  is  transcendental  and  can  be  solved  graphically. 

If  alternating  voltage  cr  ccntrol  electrode  is  equal  tc  zero, 
i»e.,  //ax  — 0,  then  the  constant  ccnpcr.ent  ot  the  catl.o to 

current 


/«,,  = /«.  [1  — thp</K(£K  — £«om)J.  (IV-22) 

For  the  calculation  of  the  amplitude  characteristic  of 
cascade/stage,  it  is  necessary  to  find  the  aoplitude  of  the 
fundamental  harmonic  ot  anode  current  which  according  to  [12] 
to 


jua  J 


^>i  — T (/ 


3 r m.ikc  ' m it h 


L 


+ 7i  — /i).  (IV-23) 


or 


/.j,  - [t.i  pq-t  (Vn  /lion  — Ek)  -f-  tli  pqH  ([/B, 

/ I , „ 

-KOM  EK  I *t* 

(l,; 

y >i  *■'  KX  - --  KOM  -r  x-ti  , 


/-  kom  i • /:„)  4-  Hi  * -j  />hx  H-  /IK 

+ (1>  W-  Un  - £kov,  -r  Ek) 


(IV-24) 
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Fig.  88.  Curved  changes  in  the  bias  voltage  defending  on  th 

anplitrue  oi  input  voltage  tor  the  tube  cf  the  6J3P  with  of 

£/.  * :!20  V and  an  Ua  ^ 150  V 

Key:  (1).  V.  (2).  comas. 


Fig.  89.  Curved  changes  of  the  fundamental  harmonic  of  the 
cathode  current  of  6J3P  cependirg  on  input  voltage. 

Key:  (1).  mA.  (2).  comas.  (3).  V. 
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In  this  case,  output  potential  of  cascade/stage  cn  the  radio-fr.  / 

UmXv  =•  /„./?«>  (IV-25) 

where  R0  is  the  total  resistance  of  the  plate  load  of  casca  de/.-,  r ag*- . 

Figure  88  depicts  calculated  curve  f(M-  for  t.h--> 

tube  of  6JJF  at  two  values  of  the  initial  displacement  of 

-2.5  V the  different  values  of  the 
resistor/resistance  of  /?K}  in  the  saae  figure  are  shown  the 
expet i menta 1 points,  which  coincide  sufficiently  well  with  calculated 
which  indicates  the  high  accuracy  of  the  method  five  ordinates. 
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Fig.  90.  Schematic  diagram  of  resonance  logarithmic  amplifier  on 
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Figure  89  depicts  the  calculated  curves  of  the  de  pende  i.c-.:  : 

fundamental  harmonic  of  anode  current  or.  the  input  voltage  of 

= 0 (Uex)  at  the  same  values  of  the  voltage  of  and 

resistor/resistance  of  RK. 

Comparing  Fig.  89  with  Fig.  13,  we  see  that  calculated  curve 
/Pt  = 0 (Cyux)  in  their  character  coincide  sufficiently  well  w i 

the  curves  of  z = f (x)  . This  it  indicates  the  possibility  of  tp. 
realization  of  the  successive  work  of  casca de/stages  and  obtain i:  , 
precise  by  the  LAX  of  multistage  amplifier  over  a wide  rang-. 

Being  given  the  different  value  of  the  resistor/resist.  at  c <1 
plate  load,  from  the  curves  of  /a,  *=  6 (Uw)  they  design  revria 

families  of  the  amplitude  characteristics  cf  cascade/stage.  Flo  ; 

these  families  it  is  necessary  to  select  that  characteristic  which 
satisfies  the  successive  work  of  cascade/stages. 

This  characteristic  is  the  curve,  depicted  cn  Fig.  89,  during 
initial  bias  voltage  of  2,5  l/?  the 

resistor/resistance  of  the  /?K=2  cemas  and  the  total 

resistance  cf  plate  load  K0  = 2 comas. 

Figure  90  shows  the  schematic  diagram  cf  the  four-stag^  an[li 
(without  the  thied  cascade/stage),  assembled  on  the  basis  or  t. 
calculations  conducted. 
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Fig.  91.  Amplitude  kha  rakkteristika  of  cascade/stage  with  gair. 
ccntrol  on  ot i ta y us hche y radio  pulse- 
Key:  (1).  V.  (2).  comas. 

Fig.  92.  Amplitude  characteristic  of  fcur-stage  amplifier  wit!  jai: 
ccntrol  cn  otiba yushche y radio  pulse. 

Key:  (1)  . V.  (2)  . dB. 
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In  work  in  linear  conditions,  the  amplifier  has  the  following 
parameters:  resonance  frequency  f0  = 30  MHz;  ccmmon/genera  1/to*  tl 

factor  ct  amplification  K0  = 10*  (neg)  passband  hF  = 1 KHz;  the  : at;  tot 
cf  amplification  of  one  cascade/stage  K,  = 10.  four  tubes  of  fn-  ryi* 
of  6J3P,  utilized  in  amplifier,  are  fitted  on  the  uniformity  of  rf.- 
parameters  of  20  pcs.  Tubes  were  take/selected  cn  the  current  of 
with  the  bias  voltage  of  £,.„=•  0 and  to  the  cutoff 
voltage  of  the  tube  of  £3.11.  The  scatter  of  the  pa  rame  te  r;.  was 

a llcw/assumed  not  more  than  50/0.  The  which  compensate  tor  voL*  , 
for  a convenience  the  sediment  of  the  LAX  of  amplifier  ate 
remove/taker,  from  the  separate  potentiometers  Rlr  H4, 

Figure  91  shows  design  characteristics  and  experimental  point  . oi 
the  characteristic  of  the  third  cascade/stage.  Characteristic  w 
remove/taken  with  connected  that  which  fellow,  i.e.,  the  fourth, 
cascade/stage.  Experimental  characteristic  coincides  sufficiently 
well  with  calculated  and  satisfies  the  requirements  for  the  succ  . _v •• 
work  of  cascade/stages. 

Figure  92  gives  the  experimental  amplitude  characteristic  of 
four-stage  amplifier.  Dynamic  range  LAX  D - 7C  dB  instead  of  tinu 
which  are  expected  BO  dB.  Range  LAX  was  the  less  expected  beciu.o  t 1 
overloading  last/latter  cascade/stage.  Accuracy  LAX  in  all  rang»  i 
net  worse  than  2-4o/o. 
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with  capacitance/capacities  in  the  cathode  circuits  of  amplifier 
stages  (Cj,  C^,  ...»  C 2 j ) C = 200-500  nt  tine  of  gain  control  by 
amplifier  dees  not  exceed  the  tenths  of  micrcseccnd. 


The  diagram  of  logarithmic  amplifier  with  gain  control  on  puls* 
envelope  has  the  following  advantages:  1).  the  sufficiently  high 

stability  of  the  parameters  of  amplifier,  which  is  provided  by 
negative  feedback  (OOS)  on  direct  current  and  by  the  absence  of 
nonlinear  semiconductors;  2).  short  time  of  gain  control,  which  io.  . 
not  exceed  the  tenths  of  microsecond;  3).  the  small  overall  siz*.  of 
amplifier,  equal  to  the  overall  sizes  of  usual  selective  amplifier. 


Deficiency/lacks  in  the  diagram  are  the  criticality  LA  X to  tue 
exchange  of  tubes  and  the  need  for  a ppl  ica  t icn/ use  in  amplifiers  with 
the  dynamic  range  of  LAX  more  than  60  dt  of  tubes  with  lvyui 
anode-grid  characteristics. 


§2.  Obtaining  LAX  in  selective  amplifier^  by  the  addition  of  the 
voltages  from  the  output/yields  of  cascade/stages. 

The  method  of  obtaining  LAX  in  selective  amplifiers  by  » t. 
addition  of  the  voltages  frem  the  vyukhedov  cf  cascade/stag  es  i;  j.  > 
in  the  literature  [34]  as  method  of  consecutive  detekt  it  avoir.  iy  i . 
This  method  most  frequently  is  applied  fer  obtaining  LAX  in  t ie 
amplifiers  of  radio  pulses.  There  are  several  circuit  solution  s 


the  method  of  consecutive  detection.  the  essence  ot  the  work  of  ill 
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diagrams  is  identical  and  minutely  examined  in  §2  chapter  II. 


usually  amplifier  consists  of  several  amplifier  stages,  from 
output/yields  of  which  the  detected  voltages  pctupayut  for  overall 
lead.  To  amplify  and  to  detect  the  voltage  of  high  frequency  they  can 
cne  or  two  separate  electronic  devices.  Depending  on  that,  how  nary 
instruments  amplify  and  detect,  the  diagrams  of  consecutive  detection 
it  is  possible  to  divide  into  diagrams  with  separate  detectors;  > 
anode  rectification;  by  cathode  detection;  by  grid  detection. 
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93.  The  simplified  circuit  of  selective  loqarithmic  ampli 
separate  detectors. 
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| Selective  1 ogar f miches k iy  amplifier  with  separate  detectors. 


In  the  simplified  circuit  of  selective  logarithmic  amplifier  wit: 
separate  detectors  (Fig.  93)  the  voltage  of  high  frequency  is 
amplified  by  cascade/stages  Ylf  y„_ ,,  , to 

cut  put/yields  of  which  are  connected  detectors  D,,  ...»  the 

which  have  both  the  particular  loads  of  /?„, 
and  the  boshchuyu  /?„  - , cn  which  store/add  up 

themselves  prode tk t i ro vann ye  of  napryazhenie.  In  this  diagram 
tube  works  as  amplifier  or  as  output  stage.  with  small  l n pu*  vo>  : : 
the  cascade/stages  have  linear  a mpl i t ication , then  w it h an  incr*  :« 
tension,  amplification  decreases  and  finally  cascade/sta ge  is 
impregnated.  Since  with  an  increase  in  the  signal  all  cascad  •/.  • , 

beginning  with  the  latter,  consecutively  are  overloaded,  very 
important  in  order  that  the  behavior  of  cascade/stage  in  t n ■ • m- 
sosotyanii  would  b»  completely  determined.  I*  is  necessary  il  o :: 
order  that  output  potential  of  cascade/st.age  during  saturation  » : ! ■. 
be  constant  and  it  did  not  depend  on  the  value  of  signal  (Fii.  “•.>)  . 

For  an  amplifier  stage  in  work  with  overloading,  it  is  no->  u\ 
thoroughly  to  select  diagram  and  tube.  All  amplifier  stag*:  mu  * 

identical  not  only  in  the  relation  to  the  used  in  them  tubes,  u * il  ■> 
the  operating  conditions,  how  this  are  allow'ed  tolerances,  to  n ■ * .mi* 


Ad 


elements. 
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Fig.  94.  Amplitude  charac  terist  ics  of  casca  de/stage  with  t h • 
overloading:  a)  . good;  b)  . poor. 
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The  values  of  the  input  and  output  voltages  »i'!.  «’  ! 

saturation  of  amplifier  stage,  depend  on  several  factor  , 
on  the  slope/t ransconductance  ot  the  dynamic  char*ct<:i  » ; 
effect  of  the  grid  cathode  currents  of  datum  ini  follow!:  i 

cascade/stages.  Tie  ettect  or  grid  ca*  hod-  i irrua  1 i 
cascade/stages,  except  the  latter.  In  erder  »na»  * * •*  l*  v > 
saturation  ot  ‘■he  last/ latter  casca  !*»/* ag<  cn  t h-  >jm  >•  v 
would  not  b e a no  ve  t ha  n in  r*  ma  1 n 1 1 j ra : -a  i * /•;  * 1 |.  , 1 * , > i • 

must  he  shunted  by  ♦ h*  semiconductor  note,  1 ; -r  i ♦ 1 ■,  . i*  u* 

(Fig.  <7  1). 

It  is  necessary  to  note  *hat  lutin':  th*  >atai  it  i >:* 
cascade/stage  the  current  ot  i.-ei  g t 1 • 1 n * i • <11 
leads  to  a decrease  in  tension  on  tie  ;<  t ».  .•  j r i d >i  ♦ i ■ . 

in  this  vol  td  je  cause-;  I ■ h 1 I ; d*  ’l  e i : • 1(1  * , r -1 

consrjuently,  1 1..  > output  voltage,  what  i ; iniiti  ( 

Fcr  toyugo  in  orbs  to  attain  'he  con  ’ tnev  >*  • j*  • 

cf  cascade/ stage  in  saturation  mod*,  i»  is  n- -e  : -t  i y 
constancy  of  volta  |o  on  the  set  ten  nil  of  tun-*.  r ' i i* 

to  ach  ie  ve  by  the  following  methods;  1 ) . i y * ) .-  .«•  ] ■ • • i m * 

largest  possitle  vtlu**  ot  the  capac  it  an  ce/c  t pac  i ♦ y -*  * 
shunts  screen  gr  i 1.  During  tin  amplification  it  pulse  signal 
pcstoyanaya  time  ot  the  ca  pacit  ance/capacit  y of  <■;,  and  i 

resistance  on  screen  grid  during  overloading  must  be  latqer 
comparison  with  the  repetition  period  of  moment  um/impu  Is  /p  ul 
this  case  t.  he  voltage  on  screen  grid  remains  virtually  eo  nsM:; 
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limiting  factor  ar’  the  overall  sizes  of  condenser/capacit o r ; 2).  i y 
application  of  voltaje  on  the  screen  qrid  of  tuie  from  voltaq-.-  livis-i 
Hj  and  P,  on  Fiq.  5 7).  The  values  of  the  re  si  st  or/rosisr  a nces  of 
li  v ider/de  nomina  tor  are  selected  by  such  that  the  current  of 
1 1 v id-  r/de  nom  i nu  to  r would  be  10  times  more  than  *h»  current  of  ere.-: 
jrid.  In  this  case,  the  capacita  nce/ca  pacity  of  Cj  it  i ■ i \ 1 
*c  uni  itake  somewhat  lesser  than  in  the  first  case;  3).  ty 
i n 1 1 <•  1 1 ion  of  volt  a on  screen  qr  id  it  is  direct  from  it  * ;.e  • > 

i(yi  supply  through  th»  t h i ot  t bye  h oke.  In  this  case  the 
cap  in  tar.ee/capaci  t y of  ^ can  be  sel^ctel  small’  ;t  from  ill  • 

•*xa\'ined  cases.  The  conr»arcy  of  voltaqe  on  icte'n  nil  i |t>v-  • 
jv  ♦ h»  constancy  ot  th>  vol»  vs  of  anode  power  supply. 

Paq«  1 1M. 


Pur  1 rq  consocu  t i v»-  |e  t»  »:t  lor  the  c a sea  de/st  a | *:  if  1 i j < • i * ■ 

tail  i f i*i  1 1 h n ot  a i ot  ec  t »■ ) 1 1 o m o v.  rl  oa  i l n j , but  i ;•  \ 1 l 

r eaov./t  a k«»  n rrm  the  ou  ♦ put /y  i * 1 ds  nepe  reqt  uz  tu  nny  kh  if.ci  •.  / -■ 

v i t t u a 1 1 v thi  s y s t e ■ ot  qam  cortiol  l.  low-in » itii.  k or  ♦ 1 

t»  t ot  1 1 1 on/r ► t uct i on  of  the  maximum  sensitivity  u » » : > 1 1 1 i « • : t • 

t he  act  l on  of  la  r je  si  qn  il  s,  it  is  nec*  . sat  v t ha*  * h*  h i r • 1 . ■ 
i- asc^de/st  a q*»p  fast  jn  ni')ti  would  restore  th.>ir  naximum  i • i v : • .. 

Fot  this  purpose,  it  is  necessary  to  provide  l seru.i  '•  m ■*  a . i , u 
detail  to  ensure  the  virtually  instantaneous  lischat  p-  at  * : 
transient  ca  pari  tan  ce/capac  it  y of  after  the  breax-dowr  o- 


siqnal.  The  sufficiently  rapid  discharqe  of  the  capacit  ance/ci  i>-:*v 
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of  Cf.  charged  by  the  grid  currents  of  the  handled  tub?,  it  1 
possible  to  obtain,  after  selecting  the  diagram  of  amplifier  stag 
with  parallel  feed  and  after  includn/connecting  into  the  ciroui*- 
the  control  electrode  of  tube  throttle/choke  instead  of  Mie  hi;' 
effective  resistance  of  escape,  if  amplifier  stage  is  assemble1  1 
diagram  with  series  feed. 

The  time  constant  of  cathode  circuit  (circuit  of  automatic 
displacement)  must  be  selected  greater  in  comparison  with  th- 
amplified  frequency  and  lesser  in  comparison  with  the  duration  ot 
pulse  signal.  In  this  case,  the  recovery  time  of  cathode  circui* 
be  sma 1 1 . 


For  a cascade/stage  with  kolba*el*nym  duct  in  grid  circuit  w 

the  correctly  selected  time  constants  of  decoupling  filters  and 

cat  hod  e circuit  recovery  ♦’ime  alter  overloading  can  be  obtair  ■ : v 
, -7 


ta  ■» 


Consequently,  in  the  amplifier,  which  c • 
ot  the  correctly  designed  amplifier  stages,  gain  control  and  * \ 
res  tor  at  ion/r  edg  ct.  i on  of  the  maximum  sensitivity  after  the  i u 
large  signals  will  occur  fast  enough. 


The  detected  output  voltages  from  several  amplifier  st ago  , « 
be  fee  1/con  du  cted  to  the  overall  load  on  which  they  stor°/a  .id  ui 
themselves.  the  addition  ot  the  detected  voltages  must  be  lin  nr 
otherwise  amplitude  characteristic  of  amplifier  will  differ  rrv 


V7 


r I.  . 
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Will 
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logarithmic. 
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The  fronts  of  the  video  pulses,  which  entered  from  the  output/vL  Id; 
of  det°ctors,  must  coincide  in  time  on  overall  lead,  otherwise  Mr- 
rise  time  of  output  pulse  will  sharply  decrease  in  accordance  w i * !.  ar 
increase  in  the  signal.  For  the  coincidence  of  the  fronts  oi  vid-  o 
pulses,  it  is  necessary  to  utilize  the  artiiicial  linos  which  mu:t 
zaderr zhivat ' video  pulses  from  different  detectors  to  time  intervals, 
in  the  first  approximation,  the  equal  to  transit  time  of  the  signal 
through  the  resonance  amplifier  stage.  The  trarsir  time  of  *he  signal 
through  the  amplifier  stage  (delay  time  in  the  cascade/stage)  it  is 
possible  with  a sufficient  degree  of  accuracy  according  t o r <4  ] t0 
determine  by  the  formula 


(IV- 26) 


where  AF,  is  a passband  of  cascade/staq e . 


With  the  overloading  of  cascade/stage,  appear  th»  grid  cur , 
which  decrease  the  input  impedance  of  a tube,  which  leads  tot 
decrease  in  the  value  of  the  load  of  the  preceding/previous 
cascad e/st age  and,  consequently,  also  tc  the  delay  time  in  *he 


cascade/stage  of 


In  formula  (IV-26)  is  not  tak  n inn  i 


account  the  effect  of  the  grid  currents  of  the  subsequent  tul  > ■.  <~i  ( 

period  of  13. 


A 
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In  the  logarithmic  selective  amplifier  of  the  ispol'zuyu'  •- va  of 
delay  line  both  in  the  concentrated  and  distributed  parameters.  In 
this  case,  the  delay  lines  must  satisfy  the  following  re  qu  i r*~  m~  n 4 s : 
the  delay  time  in  the  cut  of  line,  connected  between  two  amplifi  r 
stages,  in  the  first  approximation,  must  be  equal  to  the  transit  *iir.e 
cf  momentum/impu  lse/pulse  through  the  amplifier  stage.  When  gi-  r>  .. 

output  of  amplifier  is  required  strict  constancy  of  the  pulse 
rise-time  during  a change  in  the  input  signal  in  all  dynamic  ran?-  , 
the  time  of  the  cut  of  line  must  be  completely  determined:  delay 

lines  must  have  sufficiently  wide  passband  in  order  that  would  not  . 
distorted  the  video  pulses,  passing  through  the  delay  line.  TL-  *id  : 
the  passband  of  line,  the  lesser  the  rise  time  and  iskazhdeniya  of 
video  pulse  at  the  output/yield  of  line;  delay  lines  must  to  am  hi 
quality  in  order  not  to  introduce  high  attenuat iens. 

Page  140. 

s The  detailed  theory  of  artificial  lines  delays  (filters)  ho-1.  in 
those  which  were  concentrated  and  in  the  distributed  parameters,  and 
also  the  procedure  for  calculation  of  these  lines  are  prese  r f in  th<-> 
literature  [19],  [20].  In  the  present  work  are  examined  the  only  non? 
positions  about  delay  lines,  necessary  for  the  design  of  amplifiers 
from  LAX.  As  shown  in  work  [20],  line  the  delays  in  the  co  ncen  t r a t .<  u 
constants  can  consist  of  T-  and  p-  figurative  componont/1  i n ks  u f !-. 
type  constant,  k or  derived  component/links  of  the  type"  m".  T •>.  the 
simplified  amplifier  circuit,  depicted  cn  Fig.  9 3,  is  applied  * 
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delay  line  sososred  o toe  hen  n y mi  parameter  s,  that  consist  of 


ccmponent/1  inks  of  the  type"  k".  The  delay  time  in  the  cow  pot. 
of  the  type"  k"  according  to  [20]  is  determined  from  the  formula 

f > V LC>  (IV-27) 

where  L - the  seres  inductance  cf  component/ li nk ; C is  the  shun* 
capacitance  of  componen t/link . 


If  delay  line  consists  of  n of  compcnent/links,  then  caused  by 
time  base  of  the  delay 


'n  . 

i .1  - «/3. 


(1V-2K) 


If  between  amplifier  stages  it  is  included  on  one  componen t/1 i n k , 


then  must  be  fulfilled  the  raventsvo 


f,  - t>.  K 


(IV-29) 


(IV-29a) 


Any  section  of  delay  line  which  connects  the  detectors  of 
adjacent  cascade/stages.  it  is  at  the  same  time  the  interstage 
filter,  which  does  not  pass  intermediate  frequency  iri  order  that  in 
delay  line  would  not  appear  reflections,  it  must  be  loaded  from 
output/yield  and  input  by  the  effective  resistance,  equal  to  i* 


cha  racteris4- ic  (wave)  resistor/resistance 


(IV-30) 


i 
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where  u - angular  frequency. 

It  should  be  noted  that  the  delay  time  in  the  \nd  iir.r 

characteristic  depend  on  frequency.  in  this  case,  virtually  if-  is  ro* 
possible  to  match  line  with  load  in  the  broad  band  of  the  propuska iya 
of  frequencies. 

Page  141. 


Work  [42]  shows  that  only  for  one  section  of  the  typo"  k"  ir> 
found  the  optimum  values  of  load  for  the  case  when  load  consist.,  of 
effective  resistance  R,  which  dc  not  depend  cn  frequency.  In  this 
case,  is  reached  the  constancy  only  of  cne  of  the  parameters  of  ula> 
line  in  broadband. 

Thus,  for  instance  in  order  to  obtain  for  a T-componen t/li nk 
active  line  impedance,  one  should  select  R = 0.7cp;  in  order  to  o:  1;. 

the  minimum  of  jet/r  eact.  ive  impedance  - R = 0.95  p,  and  the  cons  r.a  r.c  y 
of  delay  time  - P = 0.97p.  For  a p-component/ 1 i nk  the  values  of 
coefficients  are  respectively  equal  to  1.5;  2. Of;  1.65. 

As  a result  of  a change  in  the  characteristic  impedance  the 

1 agreement  of  delay  line  in  load  can  be  ensured  virtually  or.lv  ir  part 

of  the  band  of  transparency.  For  compcncn t/ li n k s of  the  tyt,  " r"  * 
characteristic  impedance  approximately  is  constant  within  t h ! c * 
approximately  of  the  half  of  the  band  of  transparency.  TV1:  • o 


during  calculations  of  delay  lines,  which  consist  of  com  pon  er:  +/1  i n k : 
of  the  type  constant  k,  even  when  are  net  presented  stringon* 
requirements  for  the  fidelity  of  momentum/impu  lse/pulses,  t -rt-i  r iv~*  1 
it  is  possible  to  count  the  passtand  of  frequencies  not  of  the  ol'sh 
cf  the  half  of  the  band  cf  transparency.  The  poor  ispol • zo va i v ~ of 
the  band  of  transparency  in  the  delay  lines,  comprised  of 
component/1  inks  of  the  type  constant  k,  is  essential  def  ici  enc  .'/laci 
and  limits  the  possibilities  of  their  a ppl icat icn/use. 

Considerably  better  is  utilized  the  band  of  transparency , if  >r 
applied  derived  coin  pone  nt/links  of  the  type"  m". 

By  applying  derived  component/links  of  the  type"  m",  possible: 
1).  tc  expand  the  frequency  band,  within  limits  of  which 
osushchestvletsy a the  agreement  with  load;  2).  to  expand  th“ 
frequency  band,  in  limits  of  which  sufficiently  accurately  is  regain 
the  value  of  delay  time;  3).  to  increase  the  delay  time,  caused  !y 
separate  component/ link  , with  the  preservat .icn/retent  ion/ma  inf  i ir  ir.  ■ 
cf  the  pulse  rise-time  at  output/yield. 

Delay  time  in  the  derived  component/link  of  *he  type"  m" 
accord ing  to  [ 20  ] 

4 = m VLC.  (1V-31) 

Value  m at  wnich  is  provided  the  constancy  of  delay  time  in 
possibly  more  broadband,  is  equal  to  1.23  f2C], 


Fage  142. 

A further  decrease  in  the  frequency  and  phase  d ist  or  t ions  is  d-lay 
lines  is  possible  by  means  of  connectior  in  parallel  to  tha  in  : ')'•*  i v 
line  elements  of  a delay  in  special  corrective  cap  aci  t anee/ ca  pa  1 i> 

[ 19  ] and  [42  1. 

The  very  qood  parameters  possess  delay  lines  in  the  di  s-  r i!  1 
parameters,  the  carried  out  in  very  broad  band  transparency  ( w i.  * i ‘ 
maximum  cut-off  frequency  of  /'M  1Kr  to  10-20  KHz)  an)  in  h i t h 

quality.  Such  lines  it  is  most  expedient  tc  apply  in  UPCh,  in-  : 

for  amplification  narrow  pulses  with  the  duration  of  "£  < Q,£~  us. 

Fct  the  pulse  durations  of  ^ 0-£  ps , when  it  is  reinir<  i »o 

obtain  cons  iiera ble  delay  time  between  casca de/stages,  these  line 
they  are  obtained  sufficiently  large  in  overall  sizes. 

When  on  both  dead  endinqs  of  delay  are  included  the  effect iv 
resistance,  equal  in  magnitude  to  wave  impedance  p delav  line  ( F i j . 
91),  the  common/general/total  load  impedance  on  video  frequency  for 
all  detectors  of  the  amplifier  cf  /?„. „ = 0,5 p.  The  value  o{  * 1 

lead  impedance  of  each  detector  of  is  selected  several  timer 

more  than  the  resistor/resistance  of  R„.a.  In  work  [34]  is 
recommended  the  resistor/resistance  of  tc  select  from  rh- 

re  la t i ensh i p/rat io 

Rh  = (5-:- 10)  R„,0, 


A 
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ifb 

or 

R«  = (3h-5)  d.  '■  (IV-32) 

This  is  necessary  i n order  that  comparatively  low 
resistor/resistances  p would  not  shunt  the  plate  circuits  of 
cascade/stages. 

Capacitance  values  of  C„,  shunting  the  lead  of  detector,  are 
alsc  the  value  of  the  time  constant  of  the  lead  circuit  of  *he 
detector  of  design  jus*-  as  for  the  detector  of  laual 

pulse  receiver. 


When  the  resistor/resistances  of  /?,,  are  present,  the  de»  •c*-d 
video  voltage  from  the  lead  cf  each  detector  transmits  to  overall  loi  i 
only  partially  with  transmission  factor 


/■.  == 


2A’„  + P ' 


(IV-33) 


During  satisfaction  of  the  condition  (IV-32)  of  — d./g"  - o. 


The  coefficient  of 


can  be  made  equal  tc  unity,  if  ws  exclude  t 


resistor/resistances  of  and  to  leave  the  only  ov^rill  1 aa  1 of 


R, 


HO 


Page  143.  But  since 


p ev°n  in  narrow-bar  1 


amplifiers  virtually  cannot  exceed  the  value  of  3-r>  comas  a ; \ 
of  the  difficulty  of  the  production  of  delay  line. 


: u : • 
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except  ion/e li rainat ion  ot  the  resistor/resistances  of  f? 
to  the  powerful  shunting  of  amplifier  stages  are  small,  by 
resist ot/r esi sta nee  of  This  deficiency/lack  can  rie 

supplying  to  soptori  vleniye  p the  voltage  of  £m„ai  locking 
In  this  case,  it  is  possible  to  umen’isht*  the  value  of 
resistor/resistance  p,  which  will  facilitate  the  execution 


will  1 a 

t |,n 


r • no  v * ■ , 


d<  t c-  ii 


Ot  1 V 1 • V 


line. 


Figure  gs  depicts  the  schematic  diagram  ot  sir-stage  1 oci : i M 
amplifier  with  separate  detectors  (since  all  c a sea  de/s  «■  ages  are 
uniform,  for  the  sake  of  simplicity  in  diagram  3,  4 ml  5 
cascade/stages  are  not  shown).  As  detectors  (D,,  D?  etc.)  ar-  u: 
germanium  diodes  of  the  type  of  D2J  with  the  particular  loads  ot  * i 
= 4,. S’  of  comas  (resistor/resistance  fl3,  P8,  ...,  ??J).  ('ov<' 

by  load  for  each  detector  it  is  sum  the  resistor/resistance  or 
/?„  = Rh  +i  . equal  to  9.25  comas  (p  = 4.7  comas  - 

resistor/resistance  P5  and  Pa*  in  Fig.  95). 

The  operating  mode  amplifier  stages  is  selected  with  resn  04-  * 
experimental  characteristics  osglasno  to  the  requirements,  iricit 
in  §2  chapter  II.  Let  us  examine  the  prccedure  for  the  selection 
the  operating  mode  stages  of  amplifier  (Fig.  95)  for  tubes  of  th  * 
cf  6j  3 F ( (U  a -----  200  V;  ^ ) and  of  th,>  'SKUr' 

io7  - /s-r  1/;  4a,  - -'V  ) - 

Figure  95  on  semil oga r ithmic  scale  depicts  the  calculate)  1- 
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amplitude  characteristic  of  cascade/staye  (is  curv  ■>  7)  and  4 h~- 
experimental  characteristics  of  the  cascade/ stages,  assembled  on 
tubes  of  bJ3p  (curves  1,  2,  3)  and  of  6KhP  (curves  U,  5 b),  f oi 
different  values  of  voltage  on  the  screen  grid  of  and  wiM; 

rovannem  bias  voltage  of  cascade/stages  have  sledyushc  i 

parameters:  resonance  frequency  16  MHz,  passband  AFt  = 1.6  "Hz , 

delay  time  in  the  casca  de/stage  of  -/•77’  /O"  s- 

amplitude  characteristics  of  cascade/stages  are  removed  for  4 
case  upon  their  inclusion  into  common  amplifier  circuit.  In  -ac 
of  taking  amplitude  terminal  characteristic  cf  cascade/stage, 
connected  the  analogous  cascade/stage  with  that  operating  mod  * * 
detector,  assembled  on  a diode  of  the  type  cf  D2J  with  the  load 
comas. 


zn 

*-  \ , 


Vf 

r-?a] 

} ca:-s** 

n c t h ; 
of 
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Fig-  95.  Schematic  diagram  of  resonance  logarithmic  amplifier  w i t 1 


t he 

separate  detectors; 
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The  experiment  al  char  actei  istics  of  casca  dt/stages  is  , r li*  o: 
the  shunting  of  plate  load  by  the  input  admittances  of  the  toll'  .in: 
tube  and  detector  considerably  differ  frcm  the  linear  ai:  1 have 
sufficiently  large  logarithmic  section  (direct/straight  section  >i 
characteristic).  Thus,  tor  instance,  tor  the  tube  of  6J  iP 
characteristic  2 has  logarithmic  section  during  a change  in  -hi- 
voltage  from  0.3  to  2 in.  With  a further  increase  in  the  ir.pu- 
vcltage,  begins  the  saturation  of  cascade/st  age  and  outpu*:  vol*  i,y  i * 
sotaetsya  by  virtually  constant. 

Character istic  2 in  the  greatest  measure  satisfies  the 
requirement  for  obtaining  precise  by  the  LAX  of  r-cascad^  an  lirior. 
This  characteristic  is  separately  depicted  on  Fig.  07  (is  curve  1) . 

In  this  figure  are  also  shown  the  characteristics  of  casca  d e/s+  a :< 
video  voltage  as  a function  cf  the  input  rad io- vclta ge:  ex p<  r i ^ ■ i *• .:  1 
(is  curve  2)  and  required  (is  curve  3),  calculated  from  formula: 

(11-47),  (11-49)  and  (11-51)  wit  h consideration  the  real  transri  s.-ion 

factor  of  the  detector  of  kA.  Curve  is  designed  for  the  cam 

UBX,^0.3l/,  UBXt=  3 (/;  D,  = K,  = 10;  2 Vj 

a = 1. 
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id'2  to''  t to 


Fig.  96.  Amplitude  characteristics  of  the  resonance  cascade/st 

*>ZhFP;  1 - 03  -/S-o  S 2 - - /eZf  y ; 3 - 

= ^ ------  6K4P;  4 - Um  - / 0~O  / r~>  ~ 

U9  - 1/ 1 6 - U3  — 7 - linear  characterise. 

Key : (1)  . V. 

Fig.  97.  Calculated  and  experimental  amplitude  cha ract^ r is t i c 
cascade/stage  on  radio-  and  to  video  voltage. 


* 
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The  values  of  the  coefficient  of  kA  were  determined  :r  >m  * 1 ■ 
curve  of  kx—j(U „x^),  that  which  was  removed  experimentally. 

Figure  97  shows  that  the  experimental  characteristic  of  car. -id  • / . - 1 <i  j. 
(curve  2)  coincides  sufficiently  well  with  that  which  is  re  mi’  •!  (: 

curve  3).  It  somewhat  differs  trom  the  required  c ha  ractori ; * i ■ * 
lesser  side  with  small  voltages  and  to  large  side  - with  hi  ]1 
voltages.  These  divergences  must  mutually  compensate  for  it 
multistage  amplifier,  since  they  have  different  signs.  Fi  j ur  >7  ;]  , 

depicts  amplitude  characteristic  on  video  voltage  taking  in*:o  i.toui  • 


the  transmission  factor  of  the 


ft. 


which  in  this  case  a ccox  lit  : 1 •. 


( I V - 3 3 ) is  equal 


ftp  = 0.25 


(is  curve  4)  . 


For  the  tube  of  6K4P  in  the  greatest  measure,  satisfies-  r 1 
requirement  for  obtaining  precise  by  the  LAX  of  amplifier 
characteristic  5 on  Fig.  96.  in  sooo  tve  tst  vii  with  the  exainin-  : 
reccmmendatior.s  regarding  the  diagram,  shown  in  Fig.  95,  are  d igi' 
two  amplifier  on  the  tubes  of  6JJP  and  6K4P.  The  cascade/s ta  p>  , 
assembled  on  the  tubes  of  6j3p,  have  a factor  ct  amplification  v, 

10,  on  the  tubes  of  bK4p  - K,  = 8.  Passband  of  both  amplifier;  or 
order  0.55-0.57  MHz. 
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relay  line  is  made  from  L-shapeil  component/ links  ot  t.h**  r y i • • ■"  wit 

wave  impedance  p = 4.7  comas.  Capacit  arice/capacit  y of  the 
component/ 1 l nk  of  line  C = 39  rf,  inductance  L = BOO  pH.  Fir 
jives  the  experimental  character  ist  ics  cf  both  amplifi  r-.  * • • -:t  uc  ■' 

LAX  is  obtained  not  worse  than  2-4o/o  for  the  first  amol  i f i*-- 1 - 

dynamic  range  to  100  dB  and  for  the  second  amplifier  - i •.  t; 

8F-90  dE. 


During  wave  impedance  p = 4.7  comae  the  design  ot  delay  lit  i 
hinder/hampered  as  a result  of  the  large  inductance  cf  the 
component/1  ink  of  line.  This  delay  line  has  considerable  ov  rail 
sizes,  insertion  losses  and  the  distortions  cf  moment  u m/  im  pu  lsV  u u L . 
If  we  decrease  the  resistor/ resista  nee  p,  after  leaving  by  td 
constant/invariable  of  the  resistor/rosistance  of  ( ■p i i.  M)  , 

then  the  transmission  factor  of  sharply  decreases  ind  t In  LAX  >r 

amplifier  will  gc  more  hollow.  jn  order  to  preserve  the  valu^*  cf 

k-,  with  a decrease  in  the  resistor/resistance  o,  it  is  necessary  *o 
decrease  the  resistor/resistances  of  , which  will  lead  to  an 

increase  in  the  shunting  of  the  plate  lead  of  cascade/stage  and  a 
decrease  in  its  amplification  factor.  The  LAX  of  amplifier  in  this 
case  will  go  more  hollow. 

In  each  concre  t.  e/specif  ic/act  u al  case  during  the  project  of  1 lay 
line,  it  is  necessary  to  proceed  from  the  permissible  distortions  of 
video  pulse,  obtaining  the  sufficiently  large  coefficient  of  k,  and 
good  filtration  ot  high  frequency  in  lelay  line.  tor  obtaining  lood 
filtration,  the  capacitance/capacity  of  the  compcnent/link  of  :<  lay 


line  must  be  th»  sufficiently  large  that  it  leads  to  1 1 :t -»a  ii, 

p and  coefficient  of  ^ This  ot  ivorechi  ye  e*,p  • • i 1 1 1 v ’>■ 

itself  during  the  amplification  of  frequencies  Itlow  lb- 20  v'-  z. 
the  except ion/elimi nati cns  of  this  cont radic* ion  of  the 


I 

| 


capaci  tance/capacit  y of  which  block  the  resistor/res  i r a r.c<- . 

/f  , it  is  possible  to  include  by  the  second  end/lead  no*  *■■>  . ! . 

line,  but  directly  to  the  earth,  as  this  is  shown  by  primes  in  :•  i . 
93.  The  best,  result  is  obtained  with  * he  except  ion/elimina- i on 


of  H' 


vcl tages. 


apd  supply  to  the  defectors  of  c'i*  : : 
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Th«r  possibility  o£  designing  of  logarithmic  amplifier  wit'  , it  * : 

r^s ist or/resist  a nces  of  (resistcr/resistance  f3,  , ...  ;• 

Fig.  95)  is  checked  experimentally.  In  cricc  to  improve  tiltiat;  >: 
between  cascade/stages  in  high  trequeney,  the  capacifann^/ci;  ic:it\  • * 
the  compone  nt/li  nk  of  delay  line  was  increased  9 times,  and  lino 
characteristic  - selected  as  being  equal  to  60C  chin.  In  this  ce:.--, 
the  ftu  f,  — =3-c-e-’  ohm,  and  the  inductance  of  component/1 ink  Jock  < • 

9 times.  Figure  99  for  the  present  instance  and  for  the  dif*  m •* 
cutoff  voltages  of  on  detector  depicts  amplitude 

characteristics  on  radi  o- vol  tage  (curves  1,  2 and  3)  and  on  vis 

vcltage  (curves  4 and  5)  . 


Comparing  rigures  96,  97  and  99,  we  see  that  with 
exception/elimination  of  the  diagram  of  the  re sist or/r^sist a re  ■ . of 
ft  and  the  application  of  voltage  of  4inj  the  amplitude 
characteristic  on  ra dio- voltage  with  large  signals  is  arranged  -low, 
but  on  video  voltage  - somewhat  higher  than  when  the 
resistor/resistance  of  ftH  is  present,.  Thus,  with  *-he 
except  ion/e limination  of  the  resist cr/resistance  of  ft  only 

H 

insignificantly  grow/rises  the  aetected  vid“c  vcltage  by  the  ov»iull 
leal  of  p ^ut  considerably  it  is  facilitated  the  execution  0» 

delay  line. 


The  form  ot  the  amplitude  char  acterist  ic  of  cascade/st  a i ' car.  : 
change!,  by  changing  the  stress  of  £ . If  in  the  diagram  ol 

multistage  amplifier  there  are  r.o  resist  or/resista  nces  of  ft  *■  1 : 

¥ 


• ' j r 


J 


to  the  stress  level  or  separate  cascade/sta^es  to  a certain 


c-\r 


affect  the  video  voltage,  which  is  isolated  on  overall  load.  In  or 
tc  eliminate  this  effect,  it  is  necessary  tc  apply  diodes  w i*  h I is!. 


internal  resistor/resistance  in  opposite  direction  ( vacu um- t u t • 
diodes,  semiconductor  diodes  of  the  type  of  D2E  and  D2J)  and 
collect/build  cascade/stages  in  the  diagram  of  parallel  anode  f-  . . 

Figure  98  shows  the  amplitude  characteristic  of  the  six-st  is 
amplifier  (curved  .1),  assent  led  on  the  tubes  of  6J  IP,  without 
resistor/resistances  h3 , Ra,  ...,  R23  (Fig.  95),  p - P5  = P2S 
ohm  and  with  the  stresses  of  = 0,5  V five  cascade/  t.)  j-  . a 

EM„-=  0,9  V the  sixth  cascade/stage  of  the  lax  of  amplifier  in 
this  case  also  sufficiently  precise  in  dynamic  range  100  dI3  , hr  is 
somewhat  shifted  into  the  zone  of  high  stresses. 

Page  148. 

Diagram  with  separate  detectors  has  the  following  l ivin'  i i 
1)  . it.  is  possible  to  obtain  sufficiently  precise  I.AX  in  w id  - 
dnamicheskom  range;  2)  . in  the  case  of  applying  vacuum-tub*  di  > !v  . , 
is  observed  a small  dependence  of  circuit  parameters  of  citcui-  or 
temperature  because  of  the  absence  of  semiconductors.  Th  :* utility 
cf  amplification  and  LAX  of  amplifier  is  determined  by  the 
of  the  parameters  of  amplifier  tubes  ana  vacuum-tube  liodes. 

To  de f iciency /I acks  the  diagrams  are  related:  1).  the 

complexity  and  the  need  cf  careful  adjustment.  All  amplifier  *•  v-  : 
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must  be  identical  not  only  in  the  relation  tc  the  used  in  them  - lie.; 
and  diodes,  but  also  in  the  relation  to  operational  condition.;,  liow 
this  are  allowed  tolerances  to  network  elements.  The  scatter  of  *:■ 
component  values  and  tubes  substantially  affects  accuracy  TAX;  2).  in 
the  case  of  a ppl ica t ion / use  as  the  detectors  of  vacuum-tube  diodes, 
the  overall  sizes  of  amplifier  prow/risr.  nut  if  we  use  se m icon  i uc r .r. 
diodes,  then  grow/rises  the  dependence  of  the  circuit  parameter;  of 
circuit  on  temperature. 


The  overall  sizes  of  amplifier  decrease,  when  the  functions  of 
the  voltage  amplification  of  high  frequency  and  detection  fulfill..  or.* 
t ube. 

Selective  logarithmic  amplifier  with  cathode  detection. 

In  amplifier  with  cathode  detection  of  the  tube  of  amplifier, 
they  are  placed  in  the  mode/cor.d  itions  cf  amplification  and  ci  + 
detection,  so  that  each  of  the  cascade/stages,  except  volta^- 

ampli  f ication  with  the  kclebaiyami  of  intermediate  frequency'  aril  it  . 
supply  to  sled yushc hemu  cascade/stage,  detects  the  stress  of  n iio 
pulses  and  gives  independent  of  other  cascade/staqos  the  com?  on  i,  - d 
the  output  stress  of  video  pulse  on  overall  load. 


The  simplified  circuit  of  two  cascade/stages  on  per*oder 
cathode  detection  is  shown  in  F iu . 100.  The  load  impedance  of 

detector  is  the  sufficiently  high  bias  resistor  cf  g into 
cathode  circuit  of  amplifier  stage. 


i-h 

cat  I o 1 • 
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Fi^.  100.  The  siiplified  circuit  of  loaari thmic  amplifi 
cathode  detection. 
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Operating  point  on  anod  e-yr  id  characteristic  is  select*  : i u;  * >■ 

ir  diagram  with  the  gain  control  on  envelope  r ad iompul ' sa . 1 h 

required  bias  voltage  is  est  ab  1 ish/i  ns  t a 1 le  d by  supply  in  tie-  circuit 
of  the  control  electrode  of  the  positive  compensating  voltag  of 


The  resistor/resistance  of  RK  in  high  frequency  is  shunt,  i t y 
the  capacitance/ capacit  y of  CK-  The  time  const  ant  of  tk.  ci'  sH 

circuit  of  tk  = CK/?K  is  selected  from  the  condition  of  th<- 

execution  of  inequality  (IV-1f).  Virtually  the  diagram  of 
cascade/stage  with  cathode  detection  differs  from  diagram  w i * h rair. 
control  in  pulse  envelope  only  in  terms  of  value  of  the 
resistor/resistance  of  The  LAX  of  multistage  amplifi*  r in  thi 

diagram  is  obtained  just  as  ir.  diagram  with  separate  detectors.  f'tor 
the  cathode  resistor/resistance  of  each  cascade/s* uyD,  are 
remove/taken  the  detected  vcltages  of  the  video  pulses  of  pojr  i v ■ 
polarity  and  enter  delay  line  where  store/add  Uf  themselves  or.  ov-  rail 
load  Ru.o  — 4f  The  detected  voltage  alsc  is  the  vol-a:-  of 

the  automatic  gain  control  cf  this  cascade/stage. 

The  simplest  diagram  with  cathode  detection  possesses  a s ti 
the  essential  ndostatkov,  basic  from  which  they  are:  1).  the 

penetration  of  the  vcltage  of  video  pulse  frcm  the  cathode  ot  ••  aek 
tube  into  the  cathodes  of  all  others-  Pecause  of  this  during 
saturation  one  of  the  cascade/staqes,  automatically  changes  Mi'  ; ia  ■ 
vcltage  in  all  amplifier  stages.  This  phenomenon  impedes  th>  .xd  or  t 
the  necessary  operating  modes  of  ca  sea  de/st  ages  and  obtaining  ‘ h>  j,  * • 
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of  multistage  amplifier  in  wide  dynamic  range;  2).  the  pre:>nc-  if 
the  communication/connection  between  cascade/stagos  on  vid-o 
frequency,  in  consequence  of  which  the  aiplifiei  works  mist  ally  i i 
irclined  to  self-e xc ita t icn. 


Page  1 50. 

For  the  elimination  of  these  ndostatkov  between  the  ca'hol 
each  tube  of  amplifier  stage  and  * h e delay  lint*  it  is  possill*  to 
include/connect  diode  (is.  100),  high  r esis* cr/resist ance  oi 
separating  casca de/stage.  Diode  must  be  switched  on  so  that  it 
res ist c r/re si sta nee  would  be  small  for  the  passage  of  the  curr  • * oi 

the  videoi  mu  1 • sa , removed  from  the  cathcde  of  this  tube,  and  lit  ■■*  •>; 

the  current  of  the  video  pulse,  penetrating  from  other  cascade/.  • <i  a . 
If  for  the  decoupling  of  cascade/stages  are  applied  vacuum  or 
semiconductor  diodes,  then  as  a result  of  the  low  values  of 
resistor/re  sistance  p and  of  the  resistor/resist  ances  or  the  1 i i • >• 

resistor/resistance  Q in  the  cathode  circuits  of  till  *s  at 

strongly  zashchunt  irovany , which  leads  tc  a decrease  in  the  v.tlu  o* 
the  detected  video  voltage  and  effect  of  the  control  of  amp  1 i f i co  i >: 
in  casca de/st ages . The  resistor/resista nces  of  &K  will  not 
shunit  rovat ' sya,  if  we  instead  of  the  diodes  as  the  ce  11/ole  men  t : >? 
decoupling  use  high  in  value  resist  or/resistances.  In  this  ci; 
strongly  decreases  t h»  voltage  cf  the  video  pulse,  whict  t-n  * • r * 
delay  line,  i.e. , considerably  decreases  the  transmission  f actor  . 
cascade/st age  in  video  voltage.  From  these  ndostatkov  is  t i » * *»■ 


Cl- 19-77 


diagram  in  which  as  the  cel  1/elements  of  decoupling  are  applied  *! 
amplifier  stages  (cascade/stayo- rep ter s) , with  the  aid  it  which  i* 
is  possible  not  only  to  completely  untie  the  cathode  circuit,  of 
cascade/st ages  in  high  frequency,  but  also  tc  correct  the  amp).*  i:  • 
characteristic  of  n-cascade  amplifier. 


The  schematic  diagram  of  three  cascade/s+ ages  (1st,  2nd  in: 
6th)  of  shest  kaskadnogo  amplifier  with  cathode  defection  and  _ ♦ ; 
cascade/stage-repeaters  is  depicted  on  f'/y./ct.  The  resonance 
frequency  of  amplifier  f0  = 30  MHz. 


Rassmorim  the  design  procedure  of  logarithmic  amplifier  wi*c 
cathode  detection. 


In  order  that  the  n-cascade  amplifier  would  have  a precise  : i •' 
over  a wide  range,  the  amplitude  characterist  ics  of  cascade/st  ■>  j,  : 
with  respect  to  video  voltage  must  satisfy  the  requirement,  •.  r 
in  §2  chapter  II.  In  their  form  these  characteristics  must  ' >i)  . 

to  curved,  described  equations  (11-48),  (11-50)  and  (11-52)  ( d i ■ 5*  ; 

curves  in  Fig . 13). 
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Fig.  101.  Schematic  diagram  of  resonance  logarithmic  am  pi i tie 
the  cathode  detection:  Llf  l2,  ....  L12  - 6J1P;  R , , P4,  - 
comas;  P2,  P5,  ...,  R17  - 5 comas;  R3  , P6,  ...,  Flfi  - 2.4  coma 
300  comas;  P20  - 100  ohm;  P2I,  P?6,  ...»  R4?  - 330  ohm;  . 
- by  y a " Oom ; P22,  P27,  ...»  P43 , R4  5 - 100  ccmas;  p23f  p28,  .. 
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For  the  calculation  of  the  amplitude  char acteristicn  of 
cascade/stage  with  cathode  detection  according  tc  the  radio-vol ot 
Vau,,,  = /(£/,)  and  according  to  the  video  voltage  ot 

U UUXM  ^ 9 (£A,x)  it  is  possible  to  use  the  dependences  ot 

h\M=/r(^,Bx)  and  L,=fiUax),  depicted  on  Fig-  98  and  89.  Th-> 

detected  video  voltage  in  cathode  circuit  can  be  found  from  *he  curve 
of  „x),  after  taking  the  difference  between  that  whir:,  fi^w 

Ecu  and  the  initial  £cllii  by  Lias  voltages,  i.e., 

- uux„=£tll — Ecu,,. 
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Fig.  102. 
detect  ion : 
3 . the 
Key:  (1). 
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Fcr  sufficiently  effective  gain  control  in  cascade/st  a n-  it  1 
obtaining  the  considerable  rectified  na  pery  azher.  iv a,  the 
resist or/resista nee  of  I\  one  should  undertake  the  or  o: 
comas.  Figure  102  gives  amplitude  characteristics  on  radio-  ( - u i 
and  2)  and  to  the  video  voltage  (curves  3 and  4)  of  ’he  separa’ 
cascade/stage  with  cathode  detection,  assembled  cn  the  tube  of  6 J 
fcr  two  cases:  the  ,7,  jo  comas  and  V ; ’ 

— 5 comas  and  l:c„n  — — 2 V.  Characteristic;. 

2 are  designed  with  ma ks ma 1 ’ row  factor  cf  a m pi  i f ica  t ion  K,  - 1'. 

this,  as  can  be  seen  from  Fig.  89,  the  ccmmcn/  gene  ra  1/t  ot  a 1 and  or. 
the  resistor/resistance  of  case ade/st ag e in  the  first  case  niu.c  i 
ccmas,  in  the  second  - 1.3  ccmas. 

The  cha racter is t ics  on  the  video  voltage  of  separate 
cascade/st age  are  linear.  In  multistage  amplifier  each  kadkelu 
precedes  another  cascade/stage  with  the  amplitude  character  i ;t  i o 
radio- voltage,  which  has  logarithmic  section.  As  a result  of  ’■hi 
all  cascade/stages,  with  the  exception  cf  the  first,  have  amnli’u 
characteristics  on  video  voltage  depending  on  entry  stress  o: 
amplifier  also  with  logarithmic  section.  This  ere  can  s^e  w.  11  i 
Fig.  103,  in  which  are  shown  amplitude  character istics  ’he  v i 
vcltage  of  the  casca  de/stages  of  six-stage  amplifier.  Along  ti.-- 
of  abscissas,  is  deposit/postponed  the  entry  stress  of  ampliii . 
Index  i the  figure  irdicates  the  reference  number  ot  cascad  f-.t  i; 
Characteristics  are  designed  on  curve,  depicted  cn  Fig.  102  for  * 
cases  of  /?K~I0  and  5 comas. 
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The  characteristics,  given  in  Fig.  103,  coinciu^  suf  fici--r 
well  in  form  with  dashed  curve  in  Fig.  13  (case  a = 1)  , whicl 

indicates  the  possibility  of  obtaining  precise  by  th«  LAX  ot  a / 
over  a wide  range.  Figure  104  shows  the  amplitude  character i je 
entire  amplifier  (curves  1 and  2),  obtained  by  the  addition  ot 
ordinates  of  the  characteristics  of  cascad^/stages  from  video  v 
(Fig.  103)  not  allowing  for  the  transmission  factor  of  cascade/ 
repeat  ers. 
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Fig.  103.  Amplitude  characteristics  on  the  video  voltage  or 
cascade/stages  with  cathode  detection  in  the  joint  operation 

'^-/O  comas,  i;,„u  - ~a.a  / ; 


. / .i  I J 


— /<„  - 5 com  a s 
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Figure  104  shows  that  in  loth  cases  the  amplitude  chatac’  : : . * : 
of  amplifier  with  high  input  voltage  differ  frcm  the  logarithm 
result  of  linearity  amplitude  characteristic  of  the  1st.  easca  }•  -/.  ♦ t > . 
This  deflection  of  the  characteristic  cf  amplifier  can  be  r • t >v  ;f 
after  supplying  1-1  cascade/stage-repeaters  in  mcde/cond  iti  or  ..  r 
peremenym  transmission  factor.  All  remaining  cascade/s*- age- : e;  -■*  . 
must  have  constant  transmission  factor  for  sufficiently  high  i r. : r 
voltage.  Thus,  for  instance,  for  the  first  case  of  th^ 

= /°  comas)the  maximum  input  voltage  of  repeat. '-rs  i 

equal  9.1c  (Fig.  103),  and  in  the  second  (/,>K  = 5 coma  ) - 7.4 

\J . In  the  amplirier,  pr  initspi  al ' naya  diagram  c t which  is  1*»pic*c 
on  Fig.  as  101,  the  mode/ccnditions  of  repeaters  in  both  cases  ir. 
selected  as  fellows:  repeaters  from  the  second  to  the  sixth  ha  v-  t 

transmission  factor  of  fc  - C-  S’  ho  the  input  positive  video 

voltage  of  UaXf>  = 7 v and  an  £,,  = 0,4  tc  = 9„5;  t )• 

first  repeater  has  k n = 0,5  to  UUXa  = 3 v and  £,,  = 

= °.25  to  £/bx-  = 10  l/. 
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Fig.  104.  Amplitude  character ist ics  of  re zzcna nsnogo  logarithmic 
amplifier  with  the  cathode  detection:  1.  , J.  , 5. 

comas,  2,  4,  5.  - £ 

comas;  'h-i,,-  V ; 1,  2.  not  allowing  for  fhe  *■  r irsiri:  u;i 

factor  of  kfj  ; 3,  4.  with  considerat  icn  the  coefficient  or  k 

and  during  the  agreement  of  line  from  one  end/lead;  r>,  5.  w i h 
consideration  the  coefficient  of  kn  and  during  the  g p & & t ^ p,  * a i 
line  from  two  end/leads. 


Key:  (1)  . V.  (2)  . d B. 
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In  order  that  the  cascade/stage-repeaters  would  pass  wi»h  ' • 
constant  coefficient  of  predach  i hiyh  input  voltage,  in  then  wa - 
applied  sufficiently  deep  negative  feedback.  The  resist  or/ i • si . * a ’ <• 
cf  feedback  in  these  cascade/stages  are  taken  by  variaoles. 

it  is  known  that  the  amplifier  tubes  have  the  large  scatter  or 
the  parameters.  Because  of  this  amplitude  characteristics  it  T 
video  voltage  of  different  cascade/stages  strongly  differ  art  *' 
experimental  LAX  of  amplifier  it  has  considerable  deflections  fror 
precise.  by  changing  the  values  of  the  resistor/resistances  o i 
feedback  in  cascade/sta ge- pc vot r i te 1 4 x,  possible  su t f ic ien t 1 y Igko  *o 
obtain  identical  characteristics  from  video  voltage  at  the 
output/yield  of  these  cascade/stages  and,  consequently,  also  hi  ii 
accuracy  the  LAX  of  amplifier  with  the  large  scatter  of  the  pirn-v  ♦.  i.-, 
of  tubes. 

Delay  line  in  both  cases  ( fdK-/0  and  5 ccmas)  was  apfli'-d  on 
and  the  same  with  thase  parameters:  the  inductarce  of  compere!  t/lir.k 

L = 48  pH,  the  capacita  nce/capacity  cf  ccmpone  n t/link  C = ISO  , wav- 
impedance  p = 560  ohm,  the  delay  time  one  cemponen t/ li n k of 
/i.  j,  ■ = h,5  • 10"*  s,  that  corresponds  to  delay  time  in 
cascade/stage  in  passband  AF,  = J.8  MHz.  The  corresponding  pa.;?,  ir.i 
in  ca scade/stages  begred  by  the  inclusion  of  series  capacitor  i n*o 
oscillatory  plate  circuits.  Fundamental  amplifier  circuit  "ig.  101 
gives  for  the  case  of  the  /C  - S'  ccmas.  In  the  tar  get/i-jt ; 

cf  an  increase  in  the  transmission  factor  of  repeaters,  *he  i^liv  lit. 
was  agreed  with  one  end/lead,  output.  In  this  case,  r -flecti  ors  in 


k.  
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the  line  and  of  the  distortions  of  video  pulse  were  not  observ  !. 
Previously  are  shown  the  transmission  factors  of  repeaters  luring  * •* 
agreement  of  line  with  the  cdnyo  of  end/lead.  During  the  a r *■  j: 

line  from  two  end/leads,  the  transmission  f actors  of  repeat  * rs 
decreased  two  times. 


Figure  104  gives  the  experimental  amplitude  charact  or  i r*  ic  >t 
six-stage  amplifier  during  the  agreement  of  line  from  one  end/1  i 
(curves  3 and  4)  and  from  two  end/leads  (curves  c and  6)  . Fro  *!.i 
figure  it  is  evident  that  the  LAX  of  amplifier  in  the  range  tG  igo 
has  an  accuracy  not  worse  than  2-3o/o;  during  careful  aujustme--  *•. 
accuracy  LAX  can  be  obtained  by  1-2o/o.  Range  real  by  LAX  i? or*  i:  ; 

in  ccmparison  with  calculated  because  of  the  limiting  action  o'  ♦ ' 
first  potocitelya. 

Diagram  with  cathode  detection  has  the  following  advantage.;;  r:. 
it  is  possible  to  obtain  a precise  LAX  in  wide  d ian imchesko m ran  k ; 

2).  it  has  the  high  stability  of  amplification  and  LAX,  caused  ieej 
COS  on  direct  current  in  resonance  casca de/stages  and  a 70S  on 
alternating  and  direct  currents  in  casca  de/s  ta  ge-r  epeat  era , i ;m  il-t 
by  the  absence  of  semiconductor  nonlinear  ce  11/e  lenient  s. 


To  deficiency/lacks  can  be 
and  the  increased  overall  sizes 


attributed  the  complexity  of  li 
of  amplifier. 


1 1 ,i " 
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Hfsonancs  logarithmic  amplifier  with  ancde  recti f icat ion . 


In  amplifier  with  the  anode  rectification  of  the  tufa  ot 
amplifier  stages,  they  are  placed  into  the  ircde  cf  the  simu  1 M ous 
voltage  amplification  of  high  frequency  and  anode  rectification.  Tv 
simplified  circuit  of  two  cascade/stages  with  ancle  deta kt i ro v a r i yen 
is  depicted  on  Fiq.  105.  In  these  casca  de/staqes  plate  load  i;  hi  ; i 
frequency  are  the  two-circuit  filters.  Analoqously  can  be  app! i i 


single  resonant  circuits.  The 


nces  of  #n 


connected  in  series  with  plate  circuits,  are  the  load 
resist  cr/resistances,  during  which  are  isolated  ♦he  ietectei  v • 
pulses  of  negative  polarity.  These  mome ntu m/i m p ul se/pul S'  s * ■n*p 
ielay  line  and  store/add  up  themselves  during  the  total  r os  i ; ■>-  i :;ci 


The  capacitance/capacit  y ot  C„  Mocks  th 


soroti vleni ye  of  R„  in  high  frequency. 
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The  time  constant  of  the  load  circuit  oi  the  detector  of  xa  — C„R„  i:. 
selected  from  the  condition  cf  the  permissible  distortions  of  vi  !^o 
p u 1 se . 

In  diagram  with  anode  rectification,  it  is  expedient  tc  util  is* 
pentode  with  the  short  characteristic,  which  has  the  sharp  cutoit  o* 
anode  current.  Operating  point  ustanovalivaetsya  approximately  ir. 
middle  or  the  curvilinear  section  of  characteristic  with  th«  nu  • >>  ) ' . 

cf  the  source  of  constant  negative  displacement  cr  correspond!!;  i 
resistor/resistance  of  jVk-  During  the  indicated  selection  ot 

operating  point,  the  angle  of  cutoff  of  anode  current  is  change  1 
during  a change  in  the  value  of  v kh cda ncdnogc  voltage.  Con se qu- • i y, 
the  transmission  factor  of  the  plate  rectifier  of  kA  in  t !■.  i ; c.iso 
also  is  changed  from  zero  with  low  signals  tc  the  completely 
determined  value  at  large  signals.  In  this  case,  the  factor  of 
amplification  of  cascade/stage  in  radio- freg  uenc  y with  ar.  incc-!. 
signal  decreases,  since  decreases  the  slcpe/transcorducnnc-  o:  * i: 

in  fundamental  harmonic  of  anode  current  and  increases  by-pa:  si:  i 
subsequent  tube  on  plate  load  as  a result  of  an  increase  in  t ■ nil 
currents. 


During  the  low  res istor/resist  ances  of  /?K 
control  on  pulse  envelope  is  not  effective.  with 
kaskal  is  overloaded  and  th^y  appear  considerable 
leads  tc  an  increase  in  the  inertness  ot  diagram. 


t h«  automatic 
largo  signs  Is 
grid  current:  , 


: a i n 


.1 
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For  the  elimination  of  this  deficiency/lack,  it  is  exnedien*  i i '■ 
cathode  circuit  ot  cascade/stage  to  include  *-he  high 

resistor/resistance  of  RK,  selected  from  the  condition  if  oh*  air.  i : 
a good  gain  control  in  the  same  way  as  this  is  trade  in  liagram  w : * ! 
gain  ccntrol  on  pulse  envelope  or  with  cathode  detection.  In 
case  considerably  is  simplified  the  calculation  ot  amplifier  *:  t 1. ' X 

and  for  its  calculation  it  is  possible  tc  u*  ll i7e  curves,  ionic*  ■ 

Fig.  89. 

In  diagram  with  anode  detekr  irovaniyem  , t hr  resist  or/re  .1  • t i nc. 
of  R h can  no  in  principle  (Fig.  105).  In  this  case,  *h>  1 lay 

line  must  provide  a good  razvyaku  in  vyskoy  treguency  be*ween 
cascade/stages.  In  the  absence  of  the  resistor/resistance  ot  A’, 
video  pulse  is  isolated  directly  during  the  resistor/resist  a r ce  of 
p,  a its  distortion  with  sufficiently  broadband  delay  line  .ire 
determined  by  the  time  constant  of  the  cathode  circuit  of  'k  -- ChRk. 

The  voltage  of  the  video  pulse,  which  enters  trcir  output/yield  of 

each  cascad  e/st  age , in  the  case  of  the  aqreerrent  ot  lino  from  t w< 
end/leads 

Uttuxe  ~ 1 u -fr  = (l.i.  ii  — 1 *.  nlt)  -y  , (IV-35) 

where  the  /a.  n is  a feed  current,  which  in  the  case  of  the 
a pprox  i mat  i on  of  the  anode-grid  char  act  e r ist  ic  cf  tube  by  hyt-rioli,- 
tangent  is  determined  from  formula  (IV-2C) ; 


. 
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/ a n„  are  the  initial  value  of  the  constant  of  the 

of  anode  current; 


/„  - an  increment  postcnncy  component  of  anode  current  i ur  in 

change  in  the  signal. 


During  the  agreement  of  line  from  one  end/lead 
UuuxH  -- 1 ap.  (IV-36) 


The  voltage  in  high  frequency  on  the  output/yield  of 
cascade/stage  is  determined  analogous  with  diagram  with  pair  control 
from  ogibayuey  radio  pulse.  Amplitude  characteristics  on  radio-  me 
to  the  video  voltage  of  cascade/stage  with  anode  rectification  lurin 
the  appropriate  mode/condi  ticns  in  form  are  analogous  to  th-> 
characteristics,  given  in  Fig.  89,  102  and  103.  Consequently,  rue 

procedure  for  calculation  and  design  of  loga ri f icheskogo  ainplir:  i 
with  anode  rectification  is  analogous  to  the  design  procedure  o* 
amplifier  with  cathode  detection. 
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Fig-  106.  Amplitude  characteristics  of  resonance  logarithmic 
amplifier  with  the  anode  rectit icat ion:  1.  , 1.  wk  = 10  conn 

4.  «K  = 5 comas;  1,  2.  during  + he  agreement  of  line  from  or 
end/lead;  3,  4.  during  the  agreement  of  line  frcm  two  end/  lea?-. 
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Figure  10b  shows  ’■he  amplitude  characteristics  oi  six- stage 
amplifier  with  anode  rec t i f icat i cn  and  with  single  resonant  circuit, 
in  the  anode  circuits  of  cascade/stages.  fundamental  ampliti  ■•t 
circuit  is  assembled  on  the  base  of  thf  diagram,  depicted  or  Fij.  1 1. 

Amplitier  has  the  following  data:  the  passband  cf  the  cased !-V  -ag- 

of  A/r,  -- :i.F  MHz;  the  maximum  factor  cf  amplification  of  ♦ ■ 

cascade/stage  of  0;  • the  general  passband  of  amplifier  Ar  - 1.2 

'IHz;  in  the  cathode  circuits  of  cascade/stages  are  placed  t !. 
resist ct/resistance  of  Rx  — 5 and  10  ccmas;  delay  line  is  us  *■  . 
same  as  in  diagram  with  cathode  det e kr i t eva n iy e m . Figure  106 
that  the  range  the  LAX  cf  amplifier  was  shortened  to  10  on.  a-.: 
rezul  ’ tiroyushcheye  output  voltage  25  times  less  than  in  the  a.  • ot 
amplifier  with  cathode  detection.  Panqe  reduction  of  the  lay  o 
amplifier  is  explained  by  the  linearity  cf  amplitude  characteristic  on 
the  video  voltage  of  the  1st  kaskala.  Accuracy  LAX  with  th» 
appropriate  selection  of  tubes  with  small  scatter  of  the  paramet.  rr 
and  during  the  rshchatel  *noy  adjustment  cf  amplifier  can  r>e  obtained 
by  2- 3 o/o. 

To  the  advantages  of  diagram  with  anode  rectification  can  . • 
attributed: 

1)  the  possibility  of  obtaining  LAX  in  wide  dynamic  range; 

2)  the  stability  cf  amplification  and  TAX,  caused  d ep  nos  with 
direct  current  and  by  the  absence  ot  sem iccnductcr  nonlinear 

Cf  1 1/elements; 
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Fig.  107.  The  simplified  circuit  of  casca d e/s t a qe  with  gv 


det ect  ior.. 


f 
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Ref  iciency/lacks  t ho  diagrams  are: 

1)  small  output  video  voltage; 

2)  the  tendency  of  diagram  toward  selt-excitaticn  as  a res 
the  parasitic  interstage  ccmrnun  icat  ion/ccnnect  icn  through  t he  i 
line. 


Resonance  logarithmic  amplifier  with  grid  detection. 

' i amplifier  with  the  grid  detection  of  tube,  they  place  i 
mcde/condit ions  of  simultaneous  amplification  and  grid  detect io 
simplified  circuit  of  cascade/stage  in  the  work  ct  tube  under  * 
conditions  is  depicted  on  Fig.  107.  Diagram  works  as  follow.  . 
the  supplying  to  the  input  of  continuous  high-frequency  oscilli 
during  the  resistor/resistance  of  A’c  with  the  coarse  of  gri: 
currents,  is  isolated  the  negative  bias  voltage  of  £CM,  which 

4 

grow/rise:#  and  it  displaces  operating  pcint  cn  the  plate 
characteristic  of  tube  with  an  increase  cf  input  voltage.  Ti 

tc  a change  constant  component  „ and  the  fundamental  harmor 

* * 

4 

the  /a,  of  anode  current.  If  we  to  input  teed  radio  pulse 

•> 

during  resistor/resistance  Rc  will  be  be  isolated  the  video 
of  negative  polarity  and  amplified  in  arcde  circuit. 

Detection  occurs  as  a result  of  the  nonlinearity  of  the 
characteristic  of  the  grid  cathode  current  of  '£=  /(!£).  Thu 

cascade/stage  simultaneously  occurs  detection  of  the  voltage  ti 


km 


^ 


u 1 1 of 
e 1 a v 


D u r 1 r ; 
* i o r t 


leads 
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radio- frequency,  voltage  amplification  of  the  video-i  of 
radio-frequency  and  the  control  of  the  amplification  of  eases! 
during  an  increase  in  the  input  voltage.  Plate  load  on  video 


frequency  is  the  resist 


of  /?„,  shuntei  or 


radio-frequency  by  the  capacit  ance/capacit  y of  C„.  Plat^  1 >ad  o: 
radio- frequency  is  the  plate  circuit. 
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The  resistor/resistance  of  R „ shunted  by  the  capacitance/cr  • v 

of  Co  which  must  be  selected,  on  one  hand,  from  th«  corditi  >: 
the  maximum  transmission  of  the  applied  voltage  cf  radio- freon  :.oy  ♦ 
section  grid  - the  cathode  cf  tube,  on  the  other  hand,  from  re- 
condition of  obtaining  the  sufficiently  fast  tine  constant  of 
: - R C,.  This  corstant  causes  the  discharge  time  of  the 

capacitance/capacity  of  CY,  and,  consequently,  the  recovery  tii 
the  maximum  sensitivity  of  amplifier  after  the  freak-down  o ‘ !irq< 
signal . 


For  the  indicated  mode  of  amplification,  it  is  necessary  t tpi.iy 
the  tubes,  which  have  sufficiently  large  grid  currents  with  noutiv< 
voltages  on  control  electrode.  Such  tubes  include  the  pentodes  of  * 
type  of  6J1P,  6J  IB  and  6J1P.  Figure  49  shows  the  experimental  : : i : 
characteristics  of  the  pentode  of  fijlp  with  different  voltage-,  or  t' 
screen  grid  of  l',..  The  grid  characteristics  of  the  tub-  or  i.,]1 

have  a good  recurrence,  which  is  necessary  for  obtaining  pr*  r-i  ; ! y 
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the  LAX  of  n-cascade  amplifier. 

Pentode  6J1B  has  the  grid  currents,  ccirpdrahlf=  with  the  cum  :i'.' 
of  the  pentode  of  6 J IP.  Of  the  pentode  of  6J3P,  the  grid  cur:»  ::0  /-I 

times  are  less  than  ct  the  pentode  of  6J1P.  3v  applying  such 
pentodes,  it  is  possible  to  obtain  sufficiently  high  initial  aia:. 
voltage  and  power  capacity  of  scattering  on  the  anode  in  tht  ab.  re 
cf  entry  stress. 

briefly  we  examine  diagram  and  will  examine  the  procedure  for  it  . 
design.  In  this  case,  must  be  found  the  dependences  of  a char.  • ir 
the  bias  voltage  on  the  control  electrode  of  the  b\,,t -- i (U*x),  or  t>. 
amplitude  of  the  fundamental  harmonic  of  the  anode  current  of  tr* 
L,=f{Uu  t),  of  the  feed  current  cf  „ and  difference  in  th-* 

currents  of  ^(L'„x)  from  the  amplitude  of  the  ii.pu* 

voltage  of  UBX.  In  order  that  for  a circuit  analysis  i * v i. 

possible  to  use  mathematical  apparatus,  necessary  anode  ia=.f(Uc)  ar :n 
the  grid  i,  . j(U.)  of  the  characteristic  of  tubes  to  approximate  by 
which  that  curves. 

The  plate  characteristic  of  tube  it  is  most  expedient  * c 
approximate  by  hyperbolic  tangert.  With  the  approximation  of  M* 
experimental  plate  characteristic  of  the  tube  of  6J1P,  is  t-ik-n:  *i< 

/. ,,=  14,8  nA;  S = 4.5  mA/V;  >h  — b,3;  p = 1.15.  The  given 

approximation  sufficiently  accurately  reproduces  plate  chir  ict.g  i:-,t  ir 
during  a change  in  stress  !1  ever  wide  limits  (Fig.  is  curv  ' ) . 
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Grid  characteristic  it  is  most  expedient  tc  approx i 
exponential  function  (11-113)  (see  Fig.  u9) . When,  on  t 
electrode,  the  tube  of  a Iter  rat ing/variafcle  sine  voltage 
the  constant  component  of  the  grid  current 

f _ ^MaKc  "F  / m ii ii  , / 1 4-  /., 

6 ! ~ 

can  be  determined  sufficiently  accurately  by  the  method 
cr  d in  at  es. 


Since 


^ Mi) KC  = lc,e"  <£/B*_rcMI  ; 

! mum  = L,e~a  ,£/b*+£i-m'. 
/1== 

/.,  = / l’~,‘  ^ W“*  + tCkl) 


/c.n  = /,„  [e*  tu«*  + 

4--|  ft1"  Ij^nx-Scn]  j_  ^-a  (j 


e-a  /rCM)  j 

wm  + 0.1 


After  simple  conversions  we  will  obtain 


/c 


' „ 

3^ 


1 | cl]  aUn 


.n  * t 

he 
i s 


f i v 


Taking  into  account  that 


bias  voltage  on  the  grid  of  £cu  =*  /c. 
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t 


t 

I 


will  obtain 


£c«  - (ch  a(/BI  + 2 ch  '■%) . 

Multiplying  both  parts  of  obtained  equation  cn  coefficient  a also 
introducing  for  an  abridgement  in  the  designation  of  a = a£CM  ,3T,; 
A — -jdl,,  R,  / ch  ai’ux  4-  2ch  , we  COir,e  to  the  equation 


o.t'a  ==  A. 


(IV-37) 


By  solving  this  equation,  it  is  possible  to  tiri  analytical 
expression  for  the  bias  voltage  of  £c„  at  the  rated  value  or  *i,~ 
amplitude  of  the  input  voltage  ol  U„%. 
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The  equation  (IV-  37)  is  transcendental  and  it  it  is  possible  * ..->lv 
approximately.  Moreover  tsclessobrazno  to  find  two  solution  for  low 
and  creat  significance  a. 


Let  us  find  the  solution  for  a 4 0.5,  is  decomposed  th  • 1 f*  -l; 
of  the  expression  (IV-37)  in  the  series 

a^a  + rr  + £ + £ + ...  (iv-38) 

For  a < 0.5  with  the  accuracy  of  the  solution  no*  less  * h a : 1 )n/ 

it  is  possible  to  be  restricted  to  two  terms  of  expansion.  !\ft  < t’ 

substitution  of  resolution  (IV-38)  into  equation  (TV-  17)  w«  Lav 

a!-\  -(-  _ A = 0. 
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Then  the  solution  to  equation  takes  the  form 


Vj  ± ■ j 

• i , ~ 


(!V-39j 


with  6'„x  0 are  tha  initial  voltage  of  the  seshcheniya 


i rr- 


taa/Cf/e,  — I 
la 


(IV-40) 


Now  let  us  find  the  solution  to  equation  (IV-37)  for  <*  < 3. 
Introducing  the  designation  of  u : a*.  we  attain  ylny  - 


Taking  into  consideration  that  at  sufficiently  great  s j jn  1 • :<■  > i c 
a (a  >/  2,  y >,5)  with  a sufficient  degree  of  accuracy  is  t ;i  1 r 1 3 j * 

equality  of  we  have  an  \rV i)  ~ 'i,  whence 

a ==  — In  .4. 

Thus,  finally  we  obtain 

/:,=,  = j-lajf./  + 2 cli  --rpj  ' . (IV-41) 

With  t he  U, , ==  0 

(IV-42) 


For  the  solution  to  equation  (IV-37)  in  values  O.S  ^ * x 
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possible  to  be  average  values  of  solutions  (IV-37)  an  1 (IV-41). 
Equation  (IV-37)  sufficiently  accurately  can  solve)  graphically. 
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Constant  component  L n and  the  fundamental  harmonic  f ' • 

/„,  of  anode  current  are  determined  frcm  tornulas  (TV-20)  a: 
(TV-24).  Since  with  an  increase  in  the  input  signal  constant 
component  /,,,  decreases,  the  value  of  the  rectiried  c u r r • : * , ir; 
determines  video  voltage  on  the  load  of  R„,  one  should  d m in-' 
from  the  formula 

(IV-13) 

The  voltages  of  the  rad  io- frequency  of  6'BbJ,r  and  video 
frequency  on  the  output/yield  of  casca dc /st a ge  ter  the  diagram  ii 
question  are  determined  frcm  formulas  ( I V—  2 5)  ar.d  (IV- 38). 

Figure  108  depicts  calculated  curve  ECM  ~ /(6m)  for  the  tube  <:: 
6 J1  F at  the  different  values  of  the  resistor/resistance  of 
The  calculation  is  produced  for  the  mcde/condi tiens  of  the  tub*  if 
(/„  = 6/5  = 120  With  the  voltages  of  66,  = 6’, = 100  V (Ua>.) 

insignificantly  they  differ  to  the  large  side  of  £,«  from  curves, 
depicted  on  Fig,  108.  This  excess  it  composes  at  the  values  >r 
6/„x  — 4 -n-GK  not  more  than  2-4o/o.  For  obtaining  Hie  larger  accuj  eoy 
of  the  calculation  of  the  voltage  of  the  equation  (IV.  17) 

solved  graphically.  Check  calculations  showed  that  according  * o 
formula  (IV-39)  in  this  case  it  is  expedient  tc  design  Eru  wit’ 
input  voltage  from  0 to  0.8  in  and  from  the  formula  (TV-41)  - w i » h 
input  voltage  from  0.8  v and  above.  In  this  case,  an  error  in  * is 
calculation  does  not  exceed  3-8o/o.  In  this  same  figure  arc  si,  >«r 


experimental  points. 
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Figure  108  shows  that  sufficiently  the  actual  stress  of  '£lM 
changes  during  the  resistor/resistances  of  the  £<■  > 50  of  comas 
the  values  of  the  resistor/resistance  of  the  Rc  < 50  of  comas  i 
with  the  considerable  amplitudes  of  input  voltage  in  view  of  t h 
smallness  of  the  voltage  of  £c„  flow/last  large  grid  currents, 
leads  to  the  powerful  shnt ircvaniyu  of  the  plate  lead  of  the 
preced ing/previous  cascade/stage . 


3>z- 
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nd 
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Fig.  109.  Curves  of  the  dependences  of  a change  in  the  fundamon 


harmonic  of  anode  current  and  constant  ccmfcnent  on  the  value  of 


amplitude  of  input  signal  during  the  grid  detection: 

'„==/  IU: 




t a 1 
the 


Key : ( 1 ) - m A. 


(2)  . Anyone. 
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Consequently,  in  order  that  by-passing  the  input  of  tube  wouli  ! 
insignificant,  for  the  tube  of  6J1P  i*  is  necessary  to  apply  the 
resistor/resista  nces  of  the  A’c  > 50  cf  comas. 

Figure  109  for  three  values  of  the  resistor/resistance  of 
by  solid  lines  depicts  curved  l„ ,—f(Uhx)t  a prime,  i.e.,  cut  vej 

calculated  from  fornulas  (lv~2U)  and  (IV— 41)  . Durir:?  the 
calculation  were  utilized  the  data  given  in  Fig.  107,  ami  the 
approximation  of  the  plate  characteristic  cf  tute  by  the  expression 

p,-  14.8  • 10~3 (1  — tb 3.45 L/.)- 

From  Fig.  109  it  follows  that  the  curved  /„  = cf (6'„x)  by  nature 
coincide  sufficiently  well  with  dashed  curve  in  Fig.  13  (case  a = 1). 
The  expected  dynamic  range  the  LAX  of  one  cascade/stage  will  b<^ 
greatest  with  the  Rc = 100  of  comas  and  by  approximately  equal  to 


D — -52;  — 8s  o 

— 77 r-  — o. 

^UX,  1# 

Consequently  for  obtaining  accurate  nAX  of  the  n-cascade 

amplifier  the  amplification  factor  of  one  cascade  should  be 
Ky  » £>,  — 1 — 8 — 1—7. 

Since  the  amplitude  of  the  first  harmonic  of  anode  current 
/,,  when  6/hi  = 0,1  V (fig-  109),  is  equal  to  0.5  mA , then  for 
obtaining  K1=7  the  total  anode  resistance  to  current  /a>  should 
be  equal  to 

"•"a  = ~ 

' ai 


With  total  stray  capacitance  in  the  anede  circuit  C0,=  30  nf  t 1 


passband  of  one  cascade/stage 


i AAH  z. 

W,  - hsot  - M •• 
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In  this  case,  the  time  lag  of  signal  in  one  cascade/stage  of 
U.  k = 8,5  • 10-S  s. 


TAE  Fig.  110  shows  the  schematic  diagram  of  the  six-stage  a mpl  i. : i ■ i , 
assembled  on  the  tubes  of  6J  1 P.  The  resonance  frequency  of  amnlrfi-  : 
f0  = 30  MHz.  For  obtaining  the  identical  parameters  in  all  six 
cascade/stages  are  selected  six  identical  tubes  from  party/batch  20 
pcs.  Tub<_-s  w^re  take/selected  on  anode  and  jr id  /c,  to  th~ 

currents  with  of  £CM  =?  0 also,  cn  the  cutoff  voltage  of  £3a„. 

The  scatter  of  the  parameters  was  allow/assumed  not  more  than  So/o. 

In  the  grid  circuits  of  cascade/stages,  are  included  the 
resistor/resistances  of  the  £c = 100  of  ccmas  and 

capacitance/capacity  of  Cl  = 51  >?f.  The  factor  of  ampl  i f ic  a A ior 

cf  each  cascade/stage,  measured  at  pcint  after  the  chain/ne  t woi  ot 
£c Cc,  is  driven  on  under  the  calculated  K,  = 7 by  selection  of  the 

corresponding  value  of  anode  resistor/resistance.  In  this  c as-,  the 
general  passband  of  amplifier  AF  = 1-05  MHz. 

The  particular  loads  (resistor/resista  nee  of  aaaaa)  or.  video 

voltage  from  the  anode  circuits  of  cascade/stages,  are  excluded. 
Overall  load  on  video  vcltaqe  are  two  matched  impedances  P4  and  ' , ? , 
the  connected  on  dead  endings  of  delay.  The  total  load  of 
280  (/l. 

Figure  111  depicts  the  calculated  on  radio-voltage  amplitude 
characteristic  of  one  ca  scade/st  age  with  of  the  £c  = 100  ot 


comas  (is  cur  ve  1)  . 
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Fig.  111. 


Amplitude  characteristics  of  cascaia/sUgo  by  gri 


detect  ion. 
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In  this  same  figure  are  shewn  experimental  amplitude  character! 
the  radio- voltage  of  one  cascade/stage  with  eff  (is  cuiv  I) 
subseguent  cascade/stage.  Curves  2 and  1 dcstorhno  coincide  w . 
which  testifies  to  the  correctness  of  calculation  procedure  for 
calculation.  From  the  analysis  cf  curve  3 it  is  evident  tha* 
the  value  of  the  resistor/resistance  of  the  /<?c~100  of 

with  high  input  voltage  pronounces  by-passing  the  subsequent 
cascade/stage.  It  is  logical,  chtopri  the  lesser  resistor/re;-,i 
Of  Rc  shunting  dey^t viyeposleduyushchegc  cascade/stage  it  i> 
itself  in  larger  measure.  On  this  same  figure  arc  depicted  - n* 
amplitude  character ist ic  of  cascade/stage  on  video  voltage  (t., 

4)  for  an  R».  0 ==  280  the  ohm,  the  calculated  from  the  curve 
Ia-=<9  (Uex)  with  R,  = 100  kom,  and  trebuyemya  -he  urtlc 

characteristic  (curved  h)  , calculated  f tes  formulas  (I-M,  (T- 
( I — 4 ) for  case  Kj  = 7;  D,  = 8;  a = 1 ; (A.x,  V cu rv-  .. 

very  well  coincide  in  all  expected  range  of  a change  in  the 
voltage  of  cascade/stage,  which  indicates  the  possibility  of 
precise  by  the  LAX  of  entire  amplifier  in  wide  dynamic  rang-  . 

Figure  12  shows  three  amplitude  ch a rac t er is t i cs  of  six-  *. 
experimental  amplifier,  obtained  during  the  measurement  of  out 
voltage  on  different  output  terminals  ard  in  the  differ-  nt  ;■  ■ 

key/wrench  K.  Amplitude  characteristic  1 is  ottained  durir.  \ - 
measurement  of  output  lead  voltage  1-1  (it  is  direct  on  the  1 u 
delay  line)  and  during  the  detei  roinat  ion  oi  Key/wi  »nch  K in  ■ o.- 
of  1 (Fig.  110).  In  this  cast-  the  experimental  character:.  * ic 
amplifier  coincides  sufficiently  well  with  precise  tv  T.AV 


33% 
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Upon  the  arbitrary  replacement  of  the  *utes  cf  amplifier  fro 
party/batch  20  pcs.,  the  relative  deflection  of  ex  peri  men ta 1 
characteristic  from  precise  logaritrunic  in  certain  erases  reach’  - *c 
1 Oo/o. 


A deficiency/lack  in  characteristic  1 is  znaizhennaya  sensitivity 
cf  amplifier.  This  sensitivity  will  fco  significantly  hipher,  if  w- 
measure  the  output  load  voltage  3-3.  Amplitude  ch  aracter  is  t i - 
(characteristic  of  the  last/latter  case ade/stag e ) is  obtained  !uar 
the  measurement  of  vykhednna  grippers  3-1  and  during  the  i - : ■ : • t * i 
cf  key/wrench  K in  position  or  1.  In  etcmsluchae  the  limi*  a*  io;  of 
the  output  voltage  begins  with  small  input  voltage.  Amplit  u i ■* 
c haracter  ist  ic  3 is  obtained  during  the  measurement  of  ou*t  :*•  l < i 
voltage  3-3  and  during  the  determination  of  k^y/wrcnch  K in  : • > 
of  2.  Characteristic  3 is  a result  of  the  addition  of  crhji  i * : i i 

1 and  2 and  in  form  is  linea r- logar ithroic.  In  this  case  *h 
sensitivity  sharply  increased,  tut  dynamic  range  the  LAX  of  t 1 i ‘ i.  i 
was  shortened  to  74  dB. 

Accurately  thus  it  is  possible  tc  increase  the  sensitivity  if  * 
lyubogousilitelya  in  which  the  LAX  is  obtained  according  t o t o -t  o •. 
cf  consecutive  detection. 

Page  168. 


Thus  when  it  is  required  *c  obtain  the  greater*  ivnamic  n ; 
precise  by  the  LAX  of  amplifier  (for  metering  equipment),  output 


i 
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vcltage  it  is  necessary  to  remove/take  neposredt vonno  from  th-  1 : 

delay  line.  For  the  polucheni  of  the  mksimal'ncy  sensitivity  > f 
usilitlya  output  napryazheiye  must  be  remove/taken  from  the  1 ou ! of 
the  detector,  connected  at  the  output/yield  cf  the  last/lat *•  i 
cascade/stage.  In  this  case,  the  general  nagruvkaya  kaskad  v on  vi  5 i 
vcltage  (load  of  delay  line)  munt  be  included  consecutively  wi*!  * ■ 
lead  of  detector. 


one  of  the  essential  deficiency/lacks  in  the  examine.)  metric!  of 
obtaining  LAX  is  the  inertness  of  amplifier  after  the  predr  a.  .he  !•  : i y.» 
of  leystviya  are  large  signals,  caused  sufficiently  slow  respo- 
the  t of  the  circuit,  of  /?tC‘c  in  each  cascadc/sta  ie.  Thu.  , f ■ r 
instance,  in  the  amplifier,  schematic  diagram  of  which  in  denier. ■)  or. 
Fig.  110,  the  time  constant  of  rc  is  equal  tc  5.  1 • 10~6  s. 
Consequently,  the  capacitor  discharge  time  of  fPa:.p  = 10 -f-  Jf>  JLm. 
capaci  t.ance/capa  cit  y of  tc  ' ■ is  cannot,  sirce  cn  it  will  vyddlyat'syi 
the  considerable  part  applied  radio  frequency  vcltage.  rt  is 
necessary  to  note  that  time  of  the  charge  of  the  capaci*  ance/ca  me  i*  v 
of  C with  larger  signals  ten  times  less  than  the  discharp  *ime 

cf  Cpa,,,,  since  the  input  impedance  of  a tube  in  this  case  coj.  pi." 

k i 1 chm . 


The 

exchange 


second  def iciency/lack 
of  amplifier  f ubes. 


is  the  criticality  of  diagram  to  tp . 


: n 


The  advantage  of  diagram  is  the  possibility  of  obtainin' 


LAX 


wide  dynamic  range.  Diagram  with  grid  detection  can  be  sue  cos?-,  f ul  1 y 
applied  in  oguipm^nt/devices  from  the  LAX,  intended  for  amplification 
continuous  oscillations  and  the  radio  pulses,  following  ach  ot:i;»r 
through  time  intervals  not  less  than  1S-;o  yss. 

In  all  examined  diagrams  with  the  consecutive  addition  of  volta ■:» 
is  inherent  the  common  def iciency/lack : with  powerful  signals  the 

vlsedstviye  of  the  " d isccn  nect  ion"  cf  certain  number  of  las  */la  t *er 

stages  of  amplifier  and  their  overloading  expands  itself  the  pisslan.. 
This  causes  a decrease  in  the  set-up  time  of  m omen tum/im pu 1 se/p ul s ' at 
the  output  of  amplifier  during  an  increase  in  the  input  signal. 
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CHAPTER  FIVE 

TRANSIENT  PROCESSES  IN  APERIODIC  AND  SELECTIVE  LOGARITHMIC  AE.PLTML! 

Any  logarithmic  amplifier  is  nonlinear.  This  Vsledtviy'  ♦ h-- 
transient  processes,  which  take  place  in  logarithmic  amplifier-;,  ! a\ 
a series  of  special  feature/peculiarities.  To  such  special 
feature/peculiarities  one  should  relate: 

1.  Sharp  decrease  in  the  time  lag  cf  nomer tum/irapu lse/pul s i i 
the  output  of  amplifier  during  an  increase  in  the  input  signal. 

2.  Considerable  increase  in  the  decay  in  the  flat/plan*  pul- 
apex  and  parasitic  reverse/inverse  vyhorcsa  at  the  outnut/y  i • 1 *.  or 
logarithmic  video  amplifier  with  an  increase  in  the  sijnil. 

The  formation/education  of  large  reverse/inverse 
impedes  the  practical  use  of  logarithmic  video  amplifi-  r.  w i ♦ h v:  i; 
range  more  than  60  dli.  The  appearance  cf  considerable  decay  i:  * 
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flat/plane  pulse  apex  at  the  end  of  the  ran/e  cf  I.AX  causes 
dcpoln ite'noye  deflection  expel i men ta 1 by  LAX  from  accurately 
logarithmic. 

In  the  present  chapter  are  examined  transient  processes  in 
standard  diagrams  of  logarithmic  amplifiers  and  are  shown  thQ  possill 
circuit  solutions  which  make  it  possible  to  umenshit*  the  distortion 
cf  the  pulse  signal,  uslivaemogo  by  logarithmic  amplifier. 

51.  Transient  processes  in  logarithmic  video  amplifier.  Singl  -s*  au-- 
airplifier. 

The  equivalent  diagram  cf  nonlinear  cascade/stage  is  depic-*  ’ or 

Fig.  113. 

The  conductivity  of  aaaaa  on  equivalent  diagram  can  no,  sine,  in 
many  instances  of  the  function  of  leakage  resistance  it  mak^s 
nonlinear  cell/element. 
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Fig.  113.  The  equivalent  diagram  of  the  nonlinear  cascade/ :Ttag*  : 


e.  - the  conductivity  ot  ar.ode  r esistor/resistunce ; Bhmc 

the  conductivity  of  nonlinear  cell/element;  Hmx  and  uus  - w i*  h 
respect  to  the  output  and  input  admittance  of  tries;  go  - f 
conductivity  of  the  leakage  resistance  of  cc  are  a t.rurs 

capaci  ta  nce/capacit  y ; c>  - the  stray  capacitance,  which  shunt: 
plate  load. 


Fig.  114.  Equivalent  diagram  of  nonlinear  cascade/stage  ton 
cf  higher  frequencies. 
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Transient  processes  we  will  examine  on  the  assumption  that  at 
point  in  time  t = 0 the  input  of  nonlinear  casca  de/st  age  af  fee*  ti.< 
voltage  surge  of  UHX. 

Since  the  iskazhniya  of  pulse  edge  they  ofc usl ovl i vatsva  by  the 
network  elements,  which  determine  the  frequency  characteristic  of 
cascade/stage  in  the  range  of  higher  frequencies,  and  the  d isfnr*ior 
cf  flat/plane  pulse  apex  - by  the  network  elements,  oprd el y a yus hchi s l 
frequency  characteristic  in  the  range  of  lowest  frequencies,  i-  i: 
expedient  on  the  common  equivalent  diagram  cf  cascade/stage  * o isclat 
equivalent  diagrams  for  higher  and  lowest  frequencies  and  to  examin-- 
separately  transient  processes  in  each  cf  these  diagrams. 

Distortions  of  pulse  edge. 

The  equivalent  diagram  of  nonlinear  cascade/stage  for  the  imp 
cf  higher  frequencies  is  depicted  on  Fiy.  114,  in  which 

r + ^bux+S'i.x+^c 

Under  the  influence  on  the  input  of  nonlinear  cascad°/sta  j-  i r f 
point  in  time  t = 0 voltage  surge  of  transient  processes  ir 

diagram  (Fig.  114)  are  described  by  the  nonlinear  differential 
equation 

= SUBy 


c r 
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pr  ; 


2.4? 


dt 


i ^ ' iie/i  > , ^7 

T Uuux  — — ; 


(V-1) 
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In  order  to  obtain  the  amplitude  characteristic  of  cascade/nt  a j , 
necessary  for  providing  a strictly  successive  work  of  cascade/staytu 
in  n-cascade  amplifier,  ekvi  valentnnaya  con  d uct  i vi+-  y of  SaMJt  — f (z) 
according  to  expressions  (11-56),  (TI-59)  and  (11-61)  must  take  the 

form 


g*Ken  ~ S0'i  (*)> 


' (V-2) 


where  the  function  ?(■?)  it  is  determined  by  the  expression 


f 1 


'?(■?)  = { T 


npn  z < 1 ; 
npn  1 < z < a In  Di  + 1 ; ) 


D 


-*  (z  — nlnD,  — 1+n)  npn  2 > alri  D1  4-  1. 


i 

(V-M 


Conductivity  of  g0  = S»  + £»>«  + £»*  — • 

After  substitution  into  the  equation  (V-1)  of  the  conductivity 
the  g»w*  of  relative  time  of  and  relative  voltages  x and 

we  obtain 


dz 

dan 


+ (f  (z)z  = X(a„), 


(V-4) 


t 

c0/?„  • 


wh^re 


a. 


(V-5) 
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Under  the  influence  of  unit  function,  the  variables  in  elution 
(V-4)  lekgo  are  separate/liberated 


a = J-, 


dz 


x (a)  — <f  (z)  z 


-f-  c. 


(V-6) 


The  result  of  the  computation  of  integral  (V-6)  taking  into 
account  the  initial  conditions  for  the  different  sections  of  th-_ 
amplitude  characteristic  of  nonlinear  cascade/stage  takes  the  f 


for  a linear  section  (z  1) 


“i  = !nr— 


(V-7) 


for  a logarithmic  section  (1  < z < c in  Dx  + 1) 

(V-S) 


7 — *!i  * , a , x — 1 

an  = — — + In  + — In — 


for  a guasi-linear  section  (z  > a In  D,  -(-  I) 


h"  1,1  i “T  + 1 h " In £Z.' _ 

' 1 1,1  JL  . ° In  JU,+  l^o 7 

a 7--J 


(V-9) 
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The  transient  responses  of  nonlinear  cascade/stage  ir  woiv.  in  * 

logarithmic  and  quasi- linear  mode/condit iors  of 

1/ 

u f for  case  of  a = 1r  calculated  non  for  n Ian 

hUX 

( V—  7 ) , (V-8)  and  (V-9) , are  depicted  on  Fig-  115. 

During  the  performance  calculation,  is  taken  most  probable 
diapazn  the  LAX  of  cascade/stage  = 1C.  Transient  responses  f oi  ti. 
quasi-linear  operating  mode  cf  cascade/stage  are  designed  with  x - H-; 

33;  56;  79  and  102,  which  corresponds  to  relative  °ntry  stresses  of 
the  1st,  the  2nd,  the  3rd,  the  4th  and  5th  nonlinear  cascad  e/s*  at 

the  end  of  the  logarithmic  range  of  five-stage  amplifier.  ^rom  the 
figure  one  can  see  that  in  an  increase  in  the  input  ‘ime  signal  of  t:.t 
establishment  of  /y  and  delay  time  in  the  t , of 
itcment  um/im  pulse/pul  se  at  the  output/yield  cf  nonlinear  cas  ca  d •/-'*  a g- 
sharply  decrease.  By  set-up  time,  is  understood  the  oulso  ns-  --i-. 
from  0.1  to  0,9  its  maximum  values.  The  Vrtreya  cf  delay  cotre;  [crdr 
to  the  pulse  rise-time  from  C to  0.5  its  maximum  values.  Fiqur  Ilf 
depicts  the  curves  of  a relative  change  in  the  set-up  ‘imo  of 

t 

— - and  delay  time  in  the  v.(x)  = for  a 

,y«- 

and  a = 0.434. 

In  this  case  of  r and  / respectively  set-up  tire  ar.g  + • 

3»**l 

time  lag  of  mome  ntu  ra/im  pulse/pul  se  at  the  output/yield  of  tin; 
nonlinear  cascade/stage  when  it  works  in  linear  conditions. 
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116.  Curves  of  a relative  change  lr  the  1*  lay  ti  n.  an 
of  nonlinear  cascade/stage. 


117.  oscillogram  of  voltage  pulse  cn  the  cutout/yield 


nonlinear  cascade/stage  with  the  input  voltage  of  '»*  = ■'  V 
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Prom  the  figure  one  can  see  that  the  maximum  rate  of  chat.}* 

ly  and  /,  is  observed  during  a charge  in  the  inpu*  volt  i • 
the  range,  equal  to  the  range  ot  the  LAX  ot  cascade/.;*  a j-  ( 1 < ^ 

[),).  During  a decrease  in  coefficient  cf  a,  which  con  r<  : 
increase  in  the  foundation  ot  loqarithmic  operation  N,  th<  : • 1 
change  in  the  t y and  t3  grow/rises.  If  we  as  r mlir* 

cell/elements  apply  germanium  semiconductor  aotectors 
DG-y , D2  and  D9,  then  moment  urn/ impu ls  '/p ulsc  at  tt. 
rcnlinear  cascade/stage  with  entry  stress  mote  th  »■  . 1 

characteristic  peak  at  flat/planc  a pex/verte *.  Figure  117  iepicts 
cscillcgram  of  mom»n  tum/impu  Ise/pulse  *’he  Jurat  ic  of  t»^='S  m-'  * 

the  output/yield  of  nonlinear  cai  tage  with  the  input  vol* 

UK3  = 1 V (duration  of  the  gauging  marker  of  /K  = 0,5  ps)  . 
value  of  peak  depends  on  the  value  cf  input  signal  and  jrow/ri., 
an  increase  of  t ho  latter.  In  the  work  cf  ncnlirear  cascade/;-:*  . 
lcgar  it  hrnic  mode/co  ndi  t icns,  the  peak  is  net  observed.  1*  ,’j  i- 

approximately  in  the  middle  of  the  quas  i - 1 i tea  r section  of  * h 
amplitude  character ist ic  of  the  third  nonlinear  cascade/  f \ . I * 

three-stage  amplifier  with  logarithmic  range  oO  dF,  *•  h^>  : e , 

ir  th^  middle  of  range  and  toward  * he  end  ot  it  car  i h i v- 
of  th°  valu*1  of  moment  u m/im  p ul  s? /pu  1 se.  The  lurat  ion  a* 
exceed  0.3-0. 4 pss. 

During  the  amplification  of  moment  mr/impulse/tulses  tv  ♦ 
duration  of  > O.T>  ps  the  peak  do^s  net  affect  the  tB|)  i*  m > 

c ha  rac  ter  ist  ic  of  amplifier. 
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Fig.  118.  Equivalent  diagram  of  nonlinear  cascade/stage  tor  tb-  rar. 
cf  lowest  frequencies. 
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During  + he  a npli  f ication  of  the  momentum/impulse/pulses  of  fi=  :.or 
duration  when  0,5  pis,  the  a iplitude  characteristic  of  an[  li  t :-r 
strongly  differs  from  calculated  logarithmic.  The  appearance  o * a 
peak  in  momentum/impulse/pulse  at  the  output/yield  of  nonli 
cascade/stage  is  caused  by  the  inertness  of  semiconductor  dii  i-  . I 
as  the  nonlinear  cell/element,  which  shunts  the  pla^e  load  cf 
amplifier  stage,  is  used  a germanium  dicde  of  the  type  of  DGS1DG54 
vakkuumnyy  diode,  peak  in  momen  t u m/i  mpu  lse/p  ul  se  at  *-he  output/yie] 
cf  nonlinear  cascade/stage  is  absent  with  any  input  voltage.  This 
indicates  the  fact  that  germanium  semiconductor  diodes  of  the-  t yp< 
CG-S1,  DG-S2,  DG-Sd,  DG-S4,  TG-F3,  DG-P4  and  vacuum-tube  died* 
possess  lesser  inertness  in  comparison  with  diodes  of  the  typa  cf 
CG-Q1  - DG- 0 1 0 . 


Thus,  for  the  elimination  of  peak  it  is  necessary  to  apply  t i , ■ 
nonlinear  cell/elements,  which  have  rapid  response.  Transient 
processes  in  the  quite  nonlinear  cell/element,  caused  by  finit  * n :r 
cf  the  hole  dislocation  and  electrons  in  semiconductor , llzhny  * 1 

not  the  more  hundredths  of  microsecond.  These  requirements  s,p  ’ • v 

germanium  semiconductor  diodes  of  the  type  cf  DC— Si  - DG-S4  mi  : 
DG-F3  - DG-P4. 

Cistcrtion  of  plane  vershinye  momentu m/i mpu lse/p ul se. 

For m at ion/educat ion  of  parasitic  re  verse/in  verse  overshoot. 

As  has  already  been  spoken  above,  the  listcrtions  of  fit*-/ 
pulse  apex  are  caused  by  the  network  elements,  which  dot  rmi:  tl 
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frequency  characteristic  of  nonlinear  cascadc/st age  in  the  tango  cl 
lowest  frequencies.  The  equivalent  diagram  cf  nonlinear  ca  scad  e/sr  ,,q^ 
for  lowest  frequencies  is  depicted  on  Fiq.  119. 

For  the  most  probable  values  of  the  ar.cde  resistor  /res  ista  r.ce  of 
the  R*^\  of  comas,  transient  ca  pac  i ta  nce/ca  pac  i t y of  C0  > 0,05 
uF  and  of  pulse  duration,  the  /„<(5-^10)  ps,  when  is  fulfilled 

the  inequality  of  A’,0  >/„,  current  i (t),  that  takes  r 1 ac- 

through  the  nonlinear  cell/element,  during  the  action  of 
moment um/im pulse/pulse,  remains  virtually  constant. 
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Fig.  119.  Distortions  of  momen tu m/impu lse/pul sc  , caused  by  t;i» 
transient  capacitance/capacity  of  Cc. 


w 
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Consequently,  the  r es  is  tor/r  esist  ance  of  the  A?lle.nc  of  nonlin-.vi: 
cell/element  for  this  value  of  the  quantity  cf  vcitaqe  puls--  li  e 


co  nst  a nt . 


Therefore  the  diagram,  depicted  on  Fig.  118,  during  the  art  ion  - : 
Tomentum/impulse/pulse  with  a sufficient  degree  cf  accuracy  car.  !- 
considered  as  linear.  In  this  case,  one  must  take  into  account  -iat 
to  each  value  of  input  voltage  corresponds  its  value  of  ‘he 
resistor/resistance  of 


The  value,  which  most  completely  character  i7es  transient 
processes  during  the  action  of  momentum/impulse/ pulse,  is  tie  : 1 - * i v - 

decay  in  the  flat/plane  pulse  apex,  the  numerically  “qua  1 to  ratio 

cf  absolute  <leca  y in  the  flat/plane  apex/vert“X  toward  the  r 1 of 
the  action  of  momen f um/i mpu lse/pul se  to  th“  maximum  conservativ  vi]  -o 
cf  momenturo/impulse/pulse  (Fig.  119) 


(V- 10) 


Since  the  cascade/stage  during  the  action  cf 
metre  nt  um/i  m pulse/p  ulse  is  linear,  the  relative  decay  toward  * n-  end 
the  action  of  moment u m/ lm pu lse/ pu lse , which  is  formed  because  ■!  * h 

charge  cf  the  transient  capacitance/capacity  of  Cc,  according  * o 


[31]  is  equal  to 


Ac  — T7 


Cc  ’ 


(V-ll) 


where  the  l„  - pulse  duration 


r 
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Fxpression  (V- 1 1)  in  correct  during  the  execution  of  t 
inequalities  of  C (/?,  + /?HMr)  » /„  and  Rc^>RWJIq. 

into  account  t he  soprot ivl ni ya  of  the  escape  of  Rc  expres 
( V — 1 1 ) can  be  recorded 


A..  = ■ 


t» 

c.i^aK 


+R> 


(V-Ila) 
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After  substituting  into  this  equation  of  expression  f >r 
flnejic  [formula  (Il-bO)  and  (H-62)  ],  in  the  wcrk  of  kada  in 
different  mode/conditions  we  will  obtain: 


in  work  in  linear  conditions  (0^  1) 

A°>  = Cc  (R, Ra)  ’ (V'12> 

in  work  in  logarithmic  it ode/c o nd it  i cns  ( 1 *<  x ^ D , ] 

(V- 13) 


i„(x~a  In  at — J>  - 
ec,, 


in  work  in  nuasi-lirear  mode/conditions  (x  D|) 


A,-,,,  1 = 


l„  (x—u  III  /.)|  — I — II  |-  (l\ 

Ut 


■ ' R v 


(V-14) 


Relative  decay  in  *-he  flat/plane  pulse  apex,  which  ar< 


Ta  r 
s l o t. 


l 1 


nn.'  1 


because  of  the  capac  it  a nce/ca  pa  ci  t y of 


thee  inn  ect  »d 
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cat  hod  e circuit,  capacitance/ca  pacity  of  the  ancde  filter  of 
capacitance/capacity  in  the  circuit  of  the  screen  grid  of  C„ 
same  as  for  a linear  cascade/stage.  According  tc  [ Id,  111  ♦ h- 
relative  decay  are  determined  by  the  following  expressions: 


Cj 


otnositel'ny  the  decay,  which  is  formed  during  the  dischar 
the  capacit  ance/capacit  y of  t he  C,., 


cb  ’ 


, (V-15) 


where  the  - the  slope/tra  nsconductancc  of  amplifier  tube  or 

cathode  current; 


the  relative  decay,  which  is  formed  during  the  discharge  ot 
ca paci tance/capa cit y of  the  C,\„ 


A,|‘  ~ «.c,h ' 


(V- 1 6) 


the  relative  decay,  which  is  formed  during  the  iischarg*  of 
capacitance/capacity  of  the  C3, 


(V-17) 

where  the  ft,.  is  anode  resistance  on  screen  grid; 


AV-i.  _ ’ 
*3  Ah,  5 


y?,  - the  resistor/resistance,  connected  in  the  circuit  o‘ 

screen  grid. 


3*> 

and 
t he 


t h - 
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Are  eommon/general/total  y relative  decay  in  the  flat/olan*  e u 1 • - 
apex  at  the  output/yield  of  the  nonlinear  cascade/stage 


A — Ac  -1-  AK  -j-  A9 — A,|,.  (V-18) 


During  an  inccease  in  the  input  voltage,  the  component  Ac 
rapidly  grow/rises  and  many  times  exceeds  remaining  component  sums 
(V-18).  Therefore  during  the  calculation  of  relative  decay  a*-  the 
output  of  n-cascade  logarithmic  amplifier  ter  the  nonlinear 
cascade/stage,  assembled  by  diagram  in  Fig.  118,  without  considerable 
error  it  is  possible  to  accept 

A%AC.  (V-19) 

After  the  break-down  cf  mo  me ntu m/i m pu 1 se/p u Ise, 
capacitance/capacit  y C0  is  discharged  through  twe  parallel-conn  ec  t- 
resistor/resistances  of  /\’3  and  Transient  processes  *o  *ho 

prirazryade  of  capacita nce/capacity  C0  ate  described  bv  nonlin  ar 
differential  equation  (V-1).  In  view  of  the  fact  that  th°  torm  of 
decay  in  the  momentum/impulse/pulse  does  net  have  vital  impel  var.c*  , 
the  author  does  not  give  the  detailed  analysis  cf  transient  p rocec-s *':• 
during  the  discharge  of  capacit ance/capacit y c0.  It  should  b«  noted 
that  as  a result  of  an  increase  in  the  resistor/resistance  of  /?Hejl 
the  process  of  the  discharge  cf  ca pac it  a rce/ca paci t y C0  the  d 'cav 
moment  um/impulse/pulse  is  somewhat  stretched  in  comparison  wit.’  ul 
edge.  kA  showed  the  theoretical  and  experimental  studies,  cart  . i :* 


i 


! 


by  t ho  author,  the  d^cay  time  in  tho  mo  ire  n t u nr/  i ir  \ ul  so/p  u 1 so  vr  1 
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D,  2-3  times  more  set-up  time. 

The  value,  which  most  completely  characterizes  transient 
processes  in  nonlinear  cascade/stage  after  the  Ireak-down  of 
moment um/im pu lse/pul se,  is  the  relative  overshoot,  numerically  rial 
to  the  ratio  of  the  voltage  of  the  overshoot  of  U„  to  the  maxinun 
value  cf  the  moment um/im pulse/p ulse 

d ~ TJ~~~  * (V-20) 

“'“yCT 

Common/general/tot al  relative  overshoot  is  composed  of 

separate  components,  caused  by  the  caoac it  a nee/ c apacit ies  ot  th- 

d = dc  ~ - </,  — d.,..  (V-21) 

of  the  Cc,  C«,  Q>  and  C„  ''y* Constituting  d„,  d, 

and  dip  are  such  as  for  a linear  cascade/stage,  arl  they  are 

determined  respectively  from  formulas  (V-15),  (V-1u)  and  { V — 1 7)  . 

Special  attention  deserves  the  relative  rev-rse/ inverse  overshoe*, 
caused  by  the  discharge  of  the  capacitance/capacity  of  C,  a f * t t >. 


break-dewn  of  moment um/impul se/pulse- 


p v.;. 
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Fig.  120.  Equivalent  diagram  of  the  discharge  cf  the 
capacitance/capacity  of  c.  with  the  shunting  cf  the  plat-  1 
cascad e/st age  by  nonlinear  cell/ele roe nt . 


2>hi 


ni  i Cl 


01-19-77 


Figure  120  depicts  the  equivalent  diagram  oi  the  discharge  ri  • 
capacitance/capacity  of  Cc.  In  the  diagram  cf  is  h:  k • ! ♦. 

resist cr/ resistance  of  the  nonlinear  ce  11/elemer.t  on  which  vyd'-ya  t. 
the  voltage  of  the  parasitic  reverse/inverse  overshoot  of  U„.  - ’ 

is  analogous  [31]  the  relative  overshoot,  caused  Ly  the  discharge  of 
the  capacitance/capacit  y of  the  C«, 


r/o  ■= 


(V-22) 


Under  the  relative  overshoot  of  d,:  we  will  understar  ! i * s- 

maximum  value  at  the  moment  the  discharge  of  the  capacitance/ca pacit y 
c f Cc. 


During  the  execution  of  the  inequality  cf  the 
£/„  — A',C„Xl  (this  inequality  virtually  is  fulfilled  always 

with  1 ^ x ^ 102)  of  R»m,  ^ > il,,  since  cn  the  nonlinear 

cell/elements,  which  have  the  very  high  resistor/resistance , giver  ♦: 
cutoff  voltage  of  £ .anlleJJ  — UaiXx.  Then 


</« 


(V-2.1) 


After  substituting  into  this  equation  ot  the  value  ot  ir 

the  work  of  cascade/stage  in  different  ncde/conditions  we  will  obtain 


in  work  in  the 


linear  conditions 

d - . • 

1 («„  + «o)’ 


(V-M)- 


in  work  in  the  logarithmic  modo/cor.d  it  ions 
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!„  ( < — a In  ,v  ~ 1) 
~ "(  In  x + 1)  ’ 


(V-25) 


in  work  in  the  guasi-lirear  mode/ccnd i t io ns 


~ — ■ — r 


/„  I*  — a lnH,  — l —c~  + 


CJ5L  I In  /)[  H-  I + ij 


£»i  / 


With  an  increase  in  the  input  voltage  (increase  x)  the  rel  iuvi 
overshoot  of  </0  sharply  grow/rises  and  many  t j:n«s  exceeds  other 
component  sums  (V-8)  . 
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Therefore  during  the  calculation  of  relative  ovcrshoo*  at  the  output 
of  n-ca.ccade  logarithmic  amplifier  without  large  error  it  is  por  it] 
to  accept 


cl  = d0. 


(V-27) 


For  a generality  it  is  expedient  to  introduce  new  values  f and  y,  that 
characterize  a change  in  the  Ac  and  dc<  but  no*  depending  * e 
cell/elements  of  the  nonlinear  cascade/stage  c0  and  of  R,  i!  - 
pulse  duration  of  the  t»: 


P-a«S*s; 

T =^. 


(V-28) 

(V-29) 
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After  substituting  the  values  of  Ac  and  i i. ♦ < 

expressions  (V-28)  and  (V-29),  in  the  work  cf  cascade/stage  in 
different  mcde/cond i tio ns  we  will  obtain: 


in  work  in  the  linear  conditions 

1 


Pi  = Ti  = 


1 + 


«e  ’ 


(V-30) 


in  work  in  the  logarithmic  mode/cor.dit  icns 

.r  — u in  x — I 


011  = 


In  = 


x — 11  In  x — I 
a 111  x •(-  I 


(V-3I) 

(V-32) 


in  work  in  the  quasi-lirear  mode/ccnd it  ions 


x — a In  Di  — 1 — a — -I-  a 
l h 


Tin  = " 


x — a In  D\  — ! — a j-  a 


a In  Oi  + I -)  a j, — a 


(Y'-33) 

(V-3-1) 


Figure  121  depicts  curves  p (x)  and  y (x)  fcr  a - 1 and  i 
0.434.  During  the  calculation  of  curves,  the  range  th^  i.AX  of 
ncnlinear  cascade/stage  is  accepted  D,  = 10. 
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Fig.  121.  Curves  p 
cf  cascade/st age  by 


(x)  and  y (x)  with  the  shunting  of  the 
nonlinear  cell/element. 
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Jt 

these  curves  are  suitable  for  nonlinear  caseade/st ages  wi«-h  any  vilu 

cf  the  resistor/resistance  of  Ra  and  capaci ta nce/ca pac i t v of 

Cv  and  for  any  pulse  duration  of  Through  curves  w ■ fit. 

that  for  the  real  diagram  of  nonlinear  cascade/stage,  depicted  n\.  Fi 

Co  ==0,1 

52,  (with  the  = 0;  /if  a = 1,1  cf  ccma  s ; 

=0,01;  /„  ==  1 ps)  toward  the  end  of  the  logarithmic  range  ”, 

10  with  «=lAClJ=0,6%  and  dCII==l,8%;  with  a = 0.424 

ACl,  = 0,72 % an^  ‘^n  — 3,6%.  To  the  end/lead  of  the 

quasi- linear  section  of  the  amplitude  character ist ic  of  th e fifth 
nonlinear  cascade/stage  (x  = 102)  of  n-cascade  video  amplifier  w-  ri 
that  with  a = 1 ACm  — 0,80%  and  =3,5?Z;  with  a '.'•‘34 

A,,n  = 0,82%  And  dCnl  ==  14,5%.  Fct  a linear  case  ad^/:  -a  ; 

with  the  same  cell/e  lemont.  s cf  Cc)  we  have  ar. 

Ac = 0,01 9J.  In  the  cascade/stage  of  the  amplif  i cat  i ir 

the  video  pulses  with  of  = I lS  without,  special  work  it  i 

possible  to  obtain  Aj,  ~ </,(,==  0,02%  and  As  = AK  = it,  0,01% 

(these  values  are  obtained,  if  cascade/s tage  has  the  following 

#Jl  Af  F , M F /L/F  kJI. 

slementy:  Ra  — 2 mm-;  CK  = 90  MmfK  ’-i  • ’ -w*^  C,  — 0,;i-atktfe  — 3.3 «wu*; 

S = 9 mA/V) . 


Component 

A,|,  . and 

<4. 

having 

negative 

sign,  comp. 

component 

A A„,  do 

and 

t he  tl1( 

o f 

sums  (V- 1 8 ) 

(V-21).  Therefore  expression  (V-19  (and  (V-27)  they  yalvyayut  vs  ly 
completely  valid. 

Comparing  the  given  data,  we  see  that  in  nonlinear  cas  r«  d-  /;  * a <i 
on  sravnenyu  with  linear  relative  decay  in  the  tlat/planr  puls*  >p  x 


can  increase  ten  times,  and  relative  vyfcros-  hundred  times.  I*-  i : 
natural  that  this  sharp  increase  in  the  parasitic  reverse/i i ver r- 
overshoots  in  separate  nonlinear  cascade/stages  leads  to  a sharp 


increase  in  the  reverse/inverse  vyhross  at  cutput/yieli  n-casca  } 
| logarithmic  video  amplifier. 
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Multistage  amplifier-  Distortions  of  pulse  edge. 

The  differential  equation,  which  descrifces  transient  processes  at 
the  output/yield  of  the  i velineynogc  cascade/stage  of  n-cascade  video 
amplifier  at  the  moment  of  the  action  of  momentuu/inipulse/pulse , car 
be  recorded  in  the  following  form: 

^ -1-  <?  (2,)  2,  = 

=--  (a-u),  (V-35) 

where  the  2,-t  are  a relative  output  potential  (i  - 1)  of  nonlinear 
cascade/sta ge . 

Figure  122  depicts  the  calculated  transient  responses  for  t he 
different  number  of  nonlinear  cascade/stages  with  a = 1 and  r,  = IP. 

The  performance  calculation  is  produced  gr a f cn al it icheski  according  *0 
equation  (V-35).  In  any  n the  solution  produced  for  the  end/lead  of 

the  logarithmic  range  of  n-cascade  amplifier,  which  corresponds  to 
relative  entry  stress  of  the  first  cascade/stage  x = D,  . Ey  comparing 
the  transient  responses,  given  in  Fig.  122,  with  the  charac teri st ics 
of  n-cascade  linear  amplifier,  given  in  work  [ 18],  let  us  compose  + Ko 
Table  of  1 relative  change  in  the  fy„ or  and  (3„or  of  amplifier 

with  the  input  voltaqe,  which  corresponds  tc  the  end/lead  of  tne 
logarithmic  range  in  comparison  with  of  and  t whet: 

amplifier  it  amplifies  lew  signals  it  werks  in  linear  conditions. 
Relative  values  are  designated  ty  the  ( y— . and  the 

^ y vt  »i  u 
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From  table  it  is  evident  that  with  n >/  5 values  of  ; and 
£ renain  virtually  constants. 

Relative  decay  in  the  pulse  apex  and  relative  overshoot. 


Relative  decay  in  the  flat/plane  pulse  apex  at  the  output/yield 
of  the  n-cascade  logarithmic  video  amplifier 


r n 

A,.=  VA, 


(V -30) 


where  the  A(i.ux-  is  is  component  of  common/ general/total  relative- 
decay  at  the  cutput/yield  of  video  amplifier,  caused  by  the  decay, 
which  are  formed  in  the  i nonlinear  cascade/stage. 


Formula  (V- 36)  is  accurate  during  the  fulfillment  of  the 


inequality  of 


(10  r 15)  % 


Relative  decay  in  the 


1 foux 


has  different  expressions  in  *-110 


work  of  nonlinear  cascade/stages  in  different  ncde/conditions.  In  an 

example  of  the  first  cascade  we  find  the  expressions  for  -A  , „ 
during  operation  of  cascades  in  linear  conditions  (this  is 

related  to  all  nonlinear  cascade/st ages,  except  the  latter  that  uus* 

conpul sorily  work  either  in  logarithmic  cr  in  k v az i la i ney nom 


mcde/ccndit ions) . By  finding  the  expression  of 


I m x 


for  the  first 


cascade/stage,  let  us  suppose  that  one  cf  the  nonlinear  cascade /st ages 
(indifferently  which)  onshchzatel * no  works  in  legar  ithmic 
mcde/ccnditions,  otherwise  video  amplifier  will  not  have  a LAX. 


A 
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Utilizing  a formula  (1-17),  is  expressed  output  potential  of  n~ 
cascade  logarithmic  video  amplifier  into  point  s in  time  t = 0 a r.d  * ' * 
t — /„  by  the  output  voltage  of  the  first  nonlinear  cascad  o/st  a ? * : 


UhMl^-KlU„Aa  ln^  + 1 


(V-37) 

(V-38) 
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In  expression  (V-38)  the  value  of  A,  is  relative  decay  in  * he 
nonlinear  cascade/s t age  in  work  in  linear  conditions.  According  To 
equality  (V-19)  without  large  error  it  is  possible  to  accept 

Ai  = A«,. 


Relative  decay  at  the  output  of  the  amplifier  of  Ai„ux-  o^u.fi 
by  decay  in  the  first  nonlinear  cascade/stage. 


^ UUX 


0“f„ 


(V-39) 


After  substituting  expressions  (V-37)  and  (V-38)  into  equi 
(V-39),  we  will  obtain 


A 


a In 


I 

1-A| 


Ihux  a In  X t 1 ’ 


(V-40) 


or 


where  X - the  relative  input  voltage  of  amplifier. 


Analogous  expressions  are  obtained  for  all  nonlinear 


I 
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cascad e/stages , which  work  ir  linear  conditions.  Therefore  :• 
possible  to  record,  that 

, _ “ ln 

'UUI1  utii/Y  + i'-  (V-40a) 

This  expression  in  n-cascade  logar i t h wi c video  anplifier  is  corrcc* 
fcr  the  i cascade/stage  in  the  range  cf  the  relative  voltages  of  th<* 
amplifier  of  1 < X < 


For  the  last/latter  nonlinear  cascade/stage 


(V-41) 


If  A|  < 5%,  expression  (V-40a)  assumes  the  form 


k,»«x  **  al  rTX  -f  I ‘ 


(V-42) 


In  the  work  of  cascade/stages  in  logarithmic  and  quasi- 1 inear 
modes,  the  absolute  value  cf  an  increment  (decrease)  in  the  tension  of 
A Ut  on  the  output/yield  of  the  i cascade/stage  transmits  to  the 

output  of  n-cascade  logarithmic  amplifier  without  change,  i.e., 

~ ^ i — Ill, 


where  the  - output  potential  of  the  i nonlinear 

cascade/stage.  Taking  into  account  that  the  *i/bux  — jr~  • 
expression  for  an  A,uuj  ir  the  work  cf  ca scade/stages  in 

logarithmic  mode/conditicns  assumes  the  form 

(uil'f~= 7 t-'K 

\ ^ ' 1 

ku*  ’ ii* 111  X |-  I 


(V-43) 
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This  expression  is  correct  for  the  i cascade/stage  in  n-casca le 
logarithmic  video  aiplifier  in  the  range  of  the  relative  stress-:;  of 
CX 

Analogous  expression  for  an  A(HW„  is  obtained  in  the  work 

of  nonlinear  cascade/stages  in  the  guasi-linear  irode/condit  ions 

("i" 

'*"*  ~ FiTiTTI  *'  (V-4'l) 

Expression  (V- 44)  is  correct  for  the  i nonlinear  casca de/s ta ye  m 
the  range  of  the  relative  stresses  of  W"  ' • \ / . 

According  to  equality  ( V— 19)  in  expressions  (V-43)  and  (V-44)  ir  is 
possible  to  accept 

An,  in  ==  Aon,  in* 

For  the  last/latter  nonlinear  cascade/stage 

= A'|.  Ill-  (V-45) 

If  we  into  expressions  (V-40a),  (V-41),  (V-43),  (V-44)  and  ( V - 4 S ) 
instead  of  A,  the  A t i and  the  A,,,  substitute  values  0,  3,  , and  >>,,,, 
we  will  obtain  the  new  values 
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the  character  ist  ic  A/„,„  ar.d  not  depending  cn  the  cell /element  r 
of  the  nonlinear  cascade/stages  of  C'c  and  Ra  and  pulse 
duration  of  hi.  In  this  case,  for  a n-cascade  amplifier,  w hav- 

?0  - EPw  (V-46J 

Figure  123  shows  curved  the  curves  cf  dependences  d0  (X)  for  a 
five-stage  logarithmic  video  amplifier  with  a = 1 and  a - 0.U34. 

During  the  calculation  of  curves,  is  accepted  the  most  probable 
case  D,  - K,  - 10.  On  curve,  depicted  cn  Fig.  123,  it  is  possible  to 
determine  relative  decay  in  the  flat/plare  pulse  apex  at  the 
cutput/yield  of  the  five-stage  video  amplifier,  v>hich  loga  r it  hm  iaes 
according  to  the  law  of  natural  and  common  logarithm  in  the  range  D - 
100  dB,  any  values  of  R*,  Cc,  /„  and  y'p  = 0,02. 
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Fig.  123.  Curves  80  (X)  for  a five-stage  logarithmic  viieo  ampl 


I 


C1-20-77 


r,:  31 1 

Thus,  for  instance,  for  the  end/lead  of  the  loya  fi  f m ichesXo  go  range  ot 
video  amplifier  (X  = 10s)  with  a = 1;  the  Ra  — 2 of  comas; 

Cc  = 0,l  pF  tu==\  jjs  the  relative  decay 

Au  = h irh 100  = 1.35%, 

/Va'-C 

that  27  times  are  more  relative  decay  in  the  linear  five-staqe 
amplifier  with  the  same  values  of  Rd,  Cc,  Rc  and  t„. 

Under  the  influence  on  the  input  cf  the  n-cascade  logarithmic 
video  amplifier  of  ideal  moment um/impulse/pulse  without 
reverse/inverse  overshoot,  relative  overshoot  at  the  output  of  the 
a u p lif  ier 

rf. <V-47> 

i-i 

where  the  d,BUX  is  the  is  component  common/general/total  relative 
vybcrsa  at  the  output/yield  cf  video  amplifier,  caused  by  the 
overshoot,  which  are  formed  in  the  i nonlinear  casca de/stag c . 

Formula  (V-47)  is  valid  according  tc  [ 18]  during  the  f u 1 f i 11  me r * 
of  the  inequality  of  dtaUX  < (10-15)  c/o. 

The  parasitic  reverse/inverse  overshoots,  which  are  formed  ir 
nonlinear  cascad e/s t ages , many  times  arc  less  than  the  signal. 

Therefore  while  signal  is  amplified  according  tc  logarithmic  law, 
reverse/inverse  overshoot  are  amplified  according  to  linear  law.  This 
law  causes  a sharp  increase  in  the  terms  of  sum  (V-47)  during  a r. 
increase  in  the  signal  at  the  input  of  videc  amplifier.  From  the 
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calculation  it  is  evident  that  toward  the  end  ct  the  logarithmic  range 
60-80  dp  during  logarithmic  operation  according  to  the  law  of  natural 
logarithm  (a  = 1)  on  the  output/yield  of  the  video  amplifier  of  that 
consisting  of  nonlinear  cascade/sta qes,  the  equivalent  diagram  kotryU: 
is  depicted  on  Fig.  113,  the  relative  overshoot  with  of  ^ = 1 ps, 
of  the  R*  = 2 of  comas  and  C'c=0,l  pF  can  increase  to 
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Fig.  124.  Oscillogram  of  voltage  pulses  on  the  cutput/yieli  of 
three-stage  video  amplifier  at  the  end  cf  the  logarithmic  range  60  d 
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Figure  124  shows  the  oscillogram  of  momen tu n/impulse/p ul se s at 
the  output/yield  of  three-stage  video  amplifier  at  the  end  of  th< 
logarithmic  range  60  dB.  Pulse  duration  of  t„  5 ps,  pulss 

repetition  rate  F = 10000  Hz.  Voltage  pulses  were  supplied  to  M:< 

input  cf  video  amplifier  from  a pulse  generator  cf  the  type  cf  26-T 
after  limiter  on  the  lower  level  which  cut  the  parasitic 
reverse/inverse  overshoots,  available  at  these  which  are  generated  Im- 
pulse generator. 

From  ostsil logramm y kh  it  is  evident  that  after  inpu*  process  of 
the  video  amplifier  of  virtually  ideal  mcme  n tu  as/ im  pu  1 se/pul  sr-s 
(without  reverse/inverse  overshoots)  reverse/inverse  overshoot  at  t . - 
output/yield  of  vid^o  amplifier  comprises  approximately  70- 7r>o/o  of 
the  value  of  the  mo  men t u m/im pulse/p ulse  cf  signal,  which  will  j groe 
sufficiently  well  with  calculation  data. 

In  order  to  observe  the  phenomenon  cf  the  less  of  the  maximum 
sensitivity  by  video  amplifier  during  the  action  of  powerful  signals., 
cn  the  inpu*  of  video  amplifier  together  with  voltage  pulses  was 
supplied  the  noise  vcltage  from  noise  generator.  Instead  of  the  noise 
voltage  it  is  possible  to  supply  the  voltaqe  of  the  high- f r eg ue ncy 
harmonic  oscillations,  which  lie  at  the  limits  cf  the  passband  of 
video  amplifier.  If  video  amplifier  during  the  action  of  powerful 
signals  does  not  lose  the  maximum  sensitivity,  noise  path/track  it  t h*- 
output  of  amplifier  has  constant  width  from  one  moment uro/im pu 1 -/pul.  • 


to  the  next 
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Figure  125  shows  the  oscillogram  of  momen t u n/i mpulse/j  u 1 se  ; 
the  output/yield  of  video  amplifier  toqethei  with  noise  path/tracl'  v 
the  end  of  the  logarithmic  range  60  dB.  Frcir  oscillogram  i*  is 
evident  that  the  noise  path/track  directly  after 
mom* n tum/impulse/pul se  is  strongly  narrowed,  and  then  it 
rasshi yaetsya,  nowhere  remaining  constant  width.  This  indicates  the 
fact  that  the  maximum  sensitivity  of  video  amplifier  does  not  manage 
tc  be  restore/reduced  for  the  time,  equal  to  the  repetition  period  of 
mo ment u m/im pu lse/pu lses , which  leads  to  the  following  phenomena. 
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Fig.  125.  Oscillogram  of  momen tu m/ i mpu 1 se/p ulses  at  the  ou  t put  / y i «-  1 i 
of  logarithmic  video  amplifier  together  with  ncise  path/track. 


Fig.  12f.  Growth  curve  in  the  relative  cvershoct  at  the  outiut/yie] 

cf  the  idela'nogo  logarithmic  video  amplifier:  diagraii 

without  the  suppression  of  overshoot;  — — — — — diagram  wiM.  t!.- 
suppression  of  overshoot. 
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During  the  application/use  of  an  indicator  ot  the  type  "b  " lurin 
reverse/inverse  overshoot  at  ek ran t rubk i , it  will  be  iarkenog. 
is  direct  after  tho  large  signal,  which  cor  responds  to  the  er  1/1 
the  logarithmic  range  of  video  amplifier  60  dB,  will  enter  tic  i 
siynal,  which  corresponds  to  the  beginning  cf  logarithmic  range, 
it  will  not  increase  screen  brilliancy  tc  value  larger  than  sci~ 
brilliancy  in  the  absence  ot  sigrals,  and  it  will  turn  out  to  e< 
which  was  net  noted  on  screen. 

| 

With  an  indicator  ot  the  type  "A  " re  verse/ i rverse  overshoo* 
deforms  ot  signal  and  the  line  ct  pause,  that  it  does  not  make  i 
possible  to  accurately  determine  value  and  relationship/ratio  .g 
sinalov,  following  each  ether  through  the  small  time  interval, 
phenomenon  is  especially  inadmissible  in  the  single-channel  ori. 
systems  in  which  very  frequently  are  applied  logarithmic  vide) 
amplifiers.  The  low  signals,  which  enter  seen  cn  completion  ot 
action  of  large  signals,  on  the  scope  ct  the  type  "A  "are  not  > j 
noticeable  in  view  of  the  less  by  the  amplifier  cf  the  maximum 
sensitivity. 

The  property  of  logarithmic  video  amplifier  to  emphasize 
reverse/inverse  overshoot  develops  itself  when  i r.  the  video  ampl 
itself  are  not  formed  parasitic  reverse/ inverse  overshoots  (id  i 
video  amplifier),  but  to  its  input  enter  real  mcmentum/impu lso/t- 
with  i nsignif icant  reverse/inverse  overshoot. 

Page  1 HH . 
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Figure  126  depicts  the  calculated  growth  curve  in  the  rela*’  iv  > 
overshoot  or.  the  output/yield  of  ideal  lcgarithiric  video  amplifi-- 
from  LAX  in  the  range  80  dE  after  input  process  itupul'so  with  t!,. 
relative  overshoots  of  du%  ~ 0,01  ; 0.1  and  Ic/c  (unbroken  curve 

From  the  figure  one  can  see  that  with  relative  overshoot  .it 
input  of  the  ideal  logarithmic  video  amplifier  of  d„x  — 0,01  % 
relative  overshoot  at  the  output/yield  cf  video  amplifier  toward 
end  of  the  logarithmic  range  80  dB  (with  a = 1)  it  reaches  + he 

</,.,«  10% ; with  of  dlx  = 0,r,’o — dnuK  = 32%  and  with 

- !"«  — </„««  = 54%: 

During  a decrease  in  coefficient  of  a,  the  values  of 
grow/rise. 

On  the  basis  of  the  analysis  conducted  it  is  possible  to  mas 
following  conclusion.  Fcr  a decrease  in  the  parasitic  reverse/ii 
overshoot  at  the  output/yield  of  logarithmic  video  amplifier,  it 

necessary  to  decrease  in  every  possible  way  the  overshoots,  which 
formed  both  in  the  nonlinear  cascade/stages  cf  video  amplifier  in 
the  amplifier  circuit,  connected  before  the  logarithmic  video 
amplifier. 

The  considerable  parasitic  revetse/inverse  overshoot  is  the 
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fundamental  reason,  which  limits  the  wide  application  of  logarithmic 
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video  amplifiers.  The  problem  of  the  eliminat icn  of  parasitic 
overshoots  is  the  fundamental  problem,  with  solution  of  which 

considerably  will  expand  itself  the  field  of  application  logarithmic 
vidcus i 1 ite le  y . 

§2.  Ways  of  a decrease  in  the  distortions  of  pulse  signal  ir 
logarithmic  video  amplifier. 

As  a result  of  the  conducted  investigations  the  author  determine 
some  circuit  solutions  which  make  it  possible  tc  decrease  the  decay  in 
the  flat/plane  pulse  apex  and  the  parasitic  overshoot  at  the 
output/yield  of  nonlinear  cased de/st age , caused  by  transient 
capacitance/capacity. 

Let  us  examine  each  of  them  individually. 

1.  Correction  of  the  flat/plane  pulse  apex  and  reverse/inverse 
overshoot  with  the  aid  of  the  corrective  capac it ance/ca pac i t y . 

The  decay  in  the  flat/plane  pulse  apex,  and  also  the  parasitic 
reverse/inverse  overshoot.,,  which  are  formed  during  charge  and 
discharge  of  the  transient  capaci  t a nce/capac  it  y cf  (.\  can  he 
partially  or  completely  removed,  by  ccnrectinq  in  series  wit!, 
nonlinear  cell/element  the  corrective  ca paci ta nce/ca paci t y . 


Fage  189 
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As  that  correcting  it  is  possible  tc  utilize  a capacitance/capucit y 
the  back-out  resistor  during  which  is  created  lockin' 
nonlinear  cell/element  voltage  (see  Fig.  33a).  In  this  case  t !. 
capacitance  value  of  C6jl  must  be  the  order  cf  the  tenths  o* 
trictcfarad. 


i 

n ft'  the  basis  ot  carried  out  by  the  author  cf  the  theoretical  a:  1 
experimental  studies  of  the  korektsii  of  reverse/inverse  ov-Tsi.ix:-  a* 
the  cutput/yield  ot  nonlinear  cascade/stage  it  is  possible  to  mak'  ti  ■ 
fol  low  ing  conclusions: 


1.  The  value  of  the  c crrective  ca pacitance/capaci t v depend;  both 
on  the  value  and  on  th“  pulse  duration  cf  signal.  Therefore  ti.- 
optimum  correction  of  reverse/inverse  overshoot  can  he  obtained  inly 
fcr  any  one  value  and  the  pulse  duration  of  signal. 

j 

2.  During  the  optimum  correction  cf  re verse/ inverse  overshoot, 

is  observed  considerable  the  perekorrektsiya  of  flat/plane  pul.-'  at  ■ x, 
i.e.,  is  observed  the  lift  of  flat/plane  pulse  apex  (Fig.  II1*,  prim*). 

3.  It  is  most  expedient  the  corrective  ca pacitance/ca pnci t y 4r 
select  from  the  condition  of  the  optimun  correction  of  reverse/ ir  vers* 
cvershoot  with  the  large  signals,  sot  vet  st  vu  yus  hch  i kh  to  the  nui/ltad 
of  the  quasi-linear  section  of  the  amplitude  cnaractorist ic  of 
nonlinear  cascade/stage.  in  this  case  with  the  average/mean  sigr^l;. 


A 
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which  correspond  to  th--*  logarithmic  section  cf  the  amplitude 
k h r a k t er  ist  i k i of  casca  3e/stage,  it  is  observed  the  nod  okor  re  kt  iy.i 
the  reverse/inverse  overshoot  which  partially  is  corrected  by  ' t,< 
capaci tance/capacit y of  arode  filter.  kith  low  signals 
icverse/in  verse  oviushoct  completely  is  correcV'd  in  essence  by  * be 
capacitanco/capacit  y of  anode  filter.  The  resultant  action  of  *:.• 
capacitance/capacit y of  anode  filter  and  corrective 

ca  paci  t ance/capa  cit  y is  such,  that  the  cvershoot  at  the  out  put/ y i <-l  i 
cf  nonlinear  cascade/stage  in  all  requiring  range  of  a change  in  -he 
input  voltage  is  much  less  than  in  the  case  cf  the  absence  of  th* 
corrective  capacitance/capacity . 


4.  *ion  cf  reverse/inverse  cvershoot  with  the  aid  of  t . 

correc*  .e  it  a nce/ca  pac  it  y in  the  n-cascade  video  a mp  1 i f d 1 , 

intended  for  the  amplification  of  the  mcme  nt  um/ i irpu  lse/pul  sr-a , wi  id. 
are  changed  over  a wide  range  in  value  and  duration,  does  not  giv- 


satisfactory  results. 


Fiq.  127-  Equivalent  diagrams  of  charge  (a)  and  of  the  disc:  it  )•  (!) 

cf  the  capacitance/capacity  ct  aaaaa  with  the  shunting  of  t h.*  ilf- 
lead  of  cascade/stage  by  1st  type  nonlinear  di vider/denomi nut  or . 
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II-  Shunting  of  the  plat*5  lead  of  casca de/s ta ge  by  the  nor.lir;  u 
d i v ide r/denomi na tor s of  the  1st  and  2nd  tops. 

If  we  consecutively  with  the  nonlinear  cell/element,  wtict.  tut’ 
the  plate  load  of  cascade/stage,  includ  e/ccn  r.ec  t the  suffic  ir  \t  1 ■.  : : ; 
linear  resistor/ res  i sta  nee  of  /<„  (in  this  case  is  formed  1 - *y. 

nonlinear  d i v ider/de  noai  i na  tor ) , then  the  current  of  the  charge  o:  th- 
transient  capacitance/capacity  of  during  the  action  of 

momentum/impulse/pulse  considerably  decreases,  which  will  lead  *0  a 
decrease  in  the  decay  in  the  flat/plane  pulse  apex  and  parasitic 
reverse/inverse  overshoot.  Figure  127  depicts  the  equivalent  liagraf 
cf  the  charge  of  the  capacitance/capacity  c£  Ct  during  ^ action 
cf  mom  er.t  um/i  mpu  lse/pul  se  and  its  discharge  after  the  break-iowr  of 
iromentum/impulse/pulse.  By  the  indicated  diagrams  resist  or /res  i a : o 
R o is  replaced  by  the  resistor/resistance  of  A’,,  since  in  the  case 
cf  applying  pentodes  the  resistor/resistance  of  /?»««>/?. . and 

Rn^R*.  During  the  fulfillment  of  the  inequality  of 

t„<Ce  (R.,  + Rt  + Rm*r)  the  ca  paci  ta  nce/ca  pac  i t y of  Cc  charges 
itself  according  to  linear  law  and  the  resistor/resistance  cf 

/?hc/ic  during  the  action  of  momentuir/impulse/pulse  virtually  do'  s 
net  change  its  value.  In  this  case  the  ctnsitel'nyy  decay  and  * he 
relative  overshoot,  caused  by  capacit  ance/capacity  the  Cc,  al- 
respectively  equal  to: 


At  + *h»c>: 

. D 

(/?.  i />fl  -i-  RueJ,t)  • rw'c  ■ 


(V-18) 


(V-40) 
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From  expressions  (V-U8)  and  (V-49)  it  is  evident  that  wit: 
increase  in  the  resin tor/resistance  of  /?»  the  relative  valu< 
decay  and  overshoot  decrease,  hut  increases  the  time  constant  o 
ciccuit  of  the  charge  of  the  stray  capacitance,  which  shunts  - 
Lead  of  cascade/stage,  that  it  leads  to  an  increase  in  the  sen-: 
ct  momer t u m/i m pu lse/pul se  at  the  output/yield  cf  nonlinear 
cascade/stage  during  the  amplification  of  the  weak  signals  when 
cascade/stage  works  in  linear  conditions. 
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Table  2 gives  calculation  data,  which  show  a relative  decrease  in 
A 

the  decay  in  = ~ and  reverse/inverse  overshoot  of  » — j; 

at  the  output/yield  of  the  last/latter  ncnlirear  cascade/stage  of 

five-stage  amplifier  in  the  work  of  cascade/stace  in  guasi- 1 i n<- 1 r 

mcde/condit ions , and  also  data,  that  shew  relatively  an  incrcas-  ir 

ly 

the  set-up  time  of  the  me  men tu m/ 1 mpu lse/ p u 1 se  ct  -rr  = T m * 

‘ V 

work  or  cascade/stage  in  linear  conditions.  The  values  of  | ard 
C are  designed  for  the  guasi-linear  section  of  the  amplitude 
characteristic  of  cascade/stage  (value  of  d‘c  = 6,5% ; A'  = 0,8%  and 

/'  = 0,75  • 10-7  s correspond  Ra  = 0).  The  cell/elements 

and  the  parameters  of  cascade/st age  are  accepted  by  the  following: 

Ra= 1,1  Z&,  Rc  = 100  C^C^+%^  10 

C2  = CBJ  + ^ = 20  K,  - D,  - 10;  a-\. 

During  the  calculation  are  used  the  curves,  depicted  on  Fig.  24. 

The  sharp  umen’shniye  cf  decay  and  overshoot  is  caused  by  M.< 
fact  that  with  an  increase  in  the  resistcr/resista  nee  of  /?„  for 
obtaining  the  necessary  characteristic  cf  cascade/stage  it  is 
necessary  to  increase  the  resistor/resistance  of  Rmxc-  This  it 
reached  by  switching  on  consecutively  with  the  nonlinear  cell/elcment 
cf  supplementary  adjusting  sproti vleniya . Table  2 shows  that  to 
decrease  the  reverse/inverse  overshoot  by  a zn a c h ite  1 ny in  increase  in 
the  resistor/resistance  of  the  aaaaaa  of  1st  type  nonlinear 
divi der/denom ina tor  possible  in  the  logarithmic  video  amplifier: , 
irtended  tor  the  aaplil  icaticn  of  moment  uni/ i nipu  1 se/pulses  by  t . 

ps. 


duration  of 


/„>(!-*- 2) 


The  decay  in  the  flat/plane  pulse  apex  and  the  parasitic 
reverse/inverse  overshoot,  caused  by  the  charge  and  the  discharge 
the  capacitance/capacity  of  Cc,  considerably  decrease  wi*h  Mte 
shunting  of  the  plate  lead  of  cascade/stage  by  2nd  tyoe  nonlinear 
divide r/denomina  tor- 
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Fiq.  128.  Equivalent  diagrams  oi  charge  (a)  and  of  the  disc). at  (r) 


c£  the  capaci tance/c apac it y of 


with  the  shunting  of  the  plate 


lead  of  cascade/stage  by  2nd  type  nonlinear  ci v i der/denomi nat or . 


f<a  ^ne/it , 

CZ3--|  |— CZ  ~q j’ 
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The  equivalent  iiagtams  of  charge  and  discharge  cf  the 

capacitance/capacit y of  c_.  fcr  the  present  irstance  are  lopicfri  ij:, 
Fig.  128.  During  the  fulfillment  of  the  inequality  of 

l«  <C<(  R,  + + Rk)  the  ca  paci  ta  nce/ca  pac  it  y of  cc  during  the 

acticr  cf  moment um/impul se/pulse  charges  itself  according  tc  linear 
law  and  the  resistor/resistance  of  A*. virtually  remains  constant. 
Then  relative  decay  and  relative  overshcct  are  respectively  equal  *c: 


A - := 


dC  — "TV 


r\  (R,  + H ML  + A1) 


(V-50) 


(V-51) 


During  an  increase  in  the  signal,  the  resistor/resistance  of 
7?i,e„c  increases,  and  the  resistor/resista  nee  cf  ft™,  virtually 

constantly  in  view  of  the  smallness  of  the  alsclute  value  of  the 
voltage  of  the  overshoot  of  £7,  and  is  equal  ^iocr  This  lea1., 

tc  the  fact  that  with  an  increase  in  the  signal  the  relative  decay 
decreases,  and  relative  overshoot  remains  constant.  Thus,  for 
instance,  for  the  fourth  cascade/stage  of  the  diagram,  depicted  on 
Fig.  58  (paramety  Kt  = D»  = 10;  R.,  = dU  ccmas;  R*  1.2  comas; 

C,  . 0,1  pF;  Rmj,c1  — 0.6  comas)  , the  relative  decay  <nd  tf 

relative  overshoot,  calculated  from  the  formulas  (V-50)  and  (V-52), 
when  /„  — 1 ps  are  respectively  equal:  for  linear  condition,  of 

the  work  of  A,  = iic  = 0.03o/c;  fet  the  end/lea  1 ot  the 

quasi-linear  section  of  the  amplitude  characteristic  of  the 
cascade/stage  of  A,.=  0.007o/o  of  cL—  O.Olo/o. 

Respectively  for  a linear  cascade/stage  with  the  network  elements  o • 

Ra  — 1.1  comas;  K;  •-  100  comas  and  an  — 0.  1 ,ji  wi  • 
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Fig.  129.  Equivalent  diagrams  of  charge  (a)  and  of  the  ilisd.ai  (t) 
cf  the  cdpacitance/capacit  y of  cc  upcn  the  switching  on  cf 
nonlinear  cell/elom  ent  s to  the  capacitance/capacit y of  Cc. 
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Thus,  in  cascade/staqe  with  the  plate  lead,  shut  tel  by  2nd  t y ju. 
ncnlineac  div  i dor/de  rom  ina  ter , it  is  possible  tc  obtain  the  vain-': 
and  dc,  comparable  with  the  values  cf  an  i 

dc„u  of  linear  cascade/st age. 


■ : 


III-  Switching  on  of  nonlinear  cell/element  to  transient 
capacitance/capacity. 


A considerable  decrease  in  the  decay  in  the  flat/plane  nul  s*  ji>  x 
and  reverse/inverse  overshoot  is  obtained  upon  the  switching  or.  of 
velineynykh  ce 11/e  1 e men t s to  transient  c a pa c it  a nce/capac it y . T h • 
equivalent  diagrams  of  charge  and  discharge  cf  the 

ca paci tance/capacit y of  C,  tor  the  present  instance  are  depict* d on 
Fig.  129.  The  resistor/resista nee  of  AM  is  determined  from  r bo 
expression 


i 

K 


i.  _L  ' 


) 

' uux 


During  the  fulfillment  of  the  inequality  of  (Re  + Cc  > tH 
capaci tance/capacit y of  C,  during  the  action  of 
moment um/im pu lse/pu 1 se  charqes  itself  according  to  linear  law. 
relative  lecay  and  the  relative  overshoot,  caused  by 
tdpucit ance/capacit y,  are  respectively  ecual  tc: 


dc 


A = • 

c cc 


c, («;,  -i-  h\)  ' r;  + r(  - 


(V-52) 


(V-53) 


r;, 


w he  re 


^ 
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Fig.  130.  Equivalent  diagram  ot  cascade/stage  cr  anode  circuit  -j’>cr 
the  inclusion  of  nonlinear  elementov  intc  cathode  circuit. 
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ac 
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g,+  *c ..  . 

A’ ; •"«,  1 


</<.,  + Kc) 


(t.  (A*'  A*  i (A1 ......  I-  A1  ) ^ 

JIM  II  ''  v ,,c-,u  *•' 


since  R',,  Rc',>  R,  and  /?* » /?,«*„«  Thus,  the  r^-lat 

decay  ir.  the  flat/plane  pulse  apex  and  the  relative  overshoot,  caus 
by  the  capacitance/capacity  cf  Cc,  upon  the  switching  on  of 
nonlinear  cell/elements  to  tne  capacit  a r.  ce/c  apac  it  y of  Cc  aid  w 
R.  R i are  virtually  equal  tc  relative  decay  and  relativ- 

overshoot  of  linear  cascade/st age  and  dc  not  depend  on  the  va lu  of 
s i g n a 1 • 


IV.  Inclusion  of  nonlinear  cell/element  into  the  cathode  circuit  o 
a a p 1 if ier  stage. 

The  equivalent  liagram  cf  nonlinear  cascade/stage  on  anoi-* 
circuit  upon  the  inclusion  cf  nonlinear  eleientcv  into  katoduyu 
circuit  is  shown  in  Fig.  130,  where  all  ce 1 1/ele rents  are  linear,  i 
equivalent  current  generator  is  nonlinear.  Under  the  influence  on 
irput  cf  the  nonlinear  cascade/stage  of  the  voltage  surge  of  f/«< 
the  form  of  the  jump  of  the  current,  of  equivalent  generator  loes  no 
repeat  the  form  of  the  jump  of  U n*  and  depends  on  the  value  ot  t 
impedance  of  the  feedback  cf  *-V  which  they  will  he'  determined  l- 
transient  processes  in  cathode  circuit  it  is  the  function,  which 
depends  or.  the  value  of  UM 


and  time  t. 


Thus 


c 1-2  0- 77  PAU!  lf*OX> 

l,„  - So. , Un  — ^ = / ((/„./).  (V-54) 


since  : k 9 

Because  of  this  transient  processes  in  the  anode  circuit  of 
nonlinear  cascade/st  aqe  can  te  described  by  the  fairly  complicated 
nonlinear  d if fer ntsial ' nyro  equation  whose  scluticn  is  difficult. 


J 
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Fig.  131.  Equivalent  diagrams  of  charge  (a)  and  of  the  discharge  (1) 
cf  the  capacitance/capac it y of  CK  upon  the  irclusion  of  nonlinear 
cel 1/elements  into  the  cathode  circuit  cf  casca de/stage. 
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Tf  nonlinear  cascaJe/st  age  is  carried  out  cr  pentode,  then  * he 
transient  processes,  which  take  place  in  cathode  circuit,  do  not 
depend  on  transient  processes  in  anode  circuit.  In  this  case 
transient  processes  in  anode  circuit  car  be  examined  as  result  of 
effect  on  the  linear  cascade/st aqe  of  the  operating  between  grid 
cathode  of  tube  voltage 

U<  K(0  = 1-'bx  — UK(t),  (V-55) 

where  the  U K (/)  - voltage  in  the  cathode  circuit  of  nonlinear 

cascade/stage  under  the  influence  of  the  voltage  surge  of  Uux. 

The  law  of  a change  in  the  stress  of  VK(t)  can  be  found,  t' 
analyzing  transient  processes  in  the  cathode  circuit  of  cascade/. ;i 

Upon  the  inclusion  cf  nonlinear  cell/elemert  into  the  cathod< 
circuit  of  cascade/stage  by  the  a 1 1 er  na  t ing/ va  r iab  le  ter:ns  cl  sum: 
( V — 1 H ) and  ( V—  2 1 ) are  the  relative  decay  in  the  and  ¥ he 

relative  overshoot  of  </„,  caused  the  charge  and  the  discharge  o! 
capacitance/capacity  of  CK,  which  it  divides  nonlinear  element 
cirect  cathode  current.  For  determining  the  values  of  A„  and 
(1H  let  us  examine  in  general  terms  transient  processes  in  cat! 
circuit  during  act  ion  and  after  the  break- down  cf 

moment um/im pu lse/pul se.  Figure  131  depicts  the  equivalent  liairi: 
charge  and  discharge  of  the  capacitance/capacity  of  q 

During  the  action  of  women t urn/ l m pu 1 se/p u Is t , the 
canacitance/capacit  y of  CK  charges  itself,  then  causes  ,i  i 
increase  in  the  tension  of  U«.  Increment  of  t >nsion  »owu  1 * 


fPR 
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‘ he 
on 

.ode 
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end  of  the  action  of  the  moment um/i mpulse/pulse  cf  the  K 


A Ul  = 


;v>  -j.  R ~ ‘ r~ 

vi»  HL-n _ 


w he  re 


i + ‘>A*  , • 
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This  ircrement  of  the  tension  in  katde  produces  a decrease  irt 
voltage  of  signal  in  the  anode 

MJk  - \UiSR0. 

in  this  case,  the  relative  decay,  caused  by  the  charge  of  the 
capacitance/capacity  of  the  Ck, 


w k Ai/;(i+sp) 


(V-56) 


During  an  increase  in  the  signal,  the  resistor/resistance  o: 
R»ejic  increases,  which  causes  the  fulfillment  cf  the  inequality  of 


( ‘K  {Rj  "f*  Rtiejt  ) . t ii. 


and  the  capacitance/capacity  cf  CK  charge 


itself  according  to  linear  law.  Then 


a u:  - 


Substituting  A U'K  in  equation  (V-5fc)  and  taking  into  account  that 


■V  \>  1 R •— 

*\0  C , > i *'  S 


and  the  current  cf 


obtain 
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In  expression  { V—  5 7 ) enter  two  variables  of  and  s 

depending  on  the  value  of  the  signal  of  UBX.  With  an  increase  in 

the  signal  of  znamenata 1 • , increases  much  faster  than  the  numerator. 

Therefore  during  an  increase  in  the  signal,  relative  decay  in  t}.. 

Ak  sharply  decreases. 

Carried  out  by  the  author  precise  analysis  cf  transient  processes 
showed  that  by  expression  ( V—  57)  it  is  possible  to  pol • sova t 1 sy a air' 
with  lew  signals,  since  the  capacitance/capacity  of  C„  select: 
sufficiently  large,  order  30-50  pF,  and  the  ineguality  of 
+ AVi,.)  > t»  virtually  it  is  fulfilled  always. 

In  view  of  the  fact  that  the  voltage  of  Uc.  of  up  to  which 

charges  itself  the  capacitance/capacity  cf  CK  for  the  puls. 

action  time,  is  very  small  even  with  large  signals  and  does  rot  i.xc«ed 
the  units  of  milivol't,  the  res ist or/re s ista nee  cf  nonlinear 
cell/element  during  the  discharge  of  the  capaci tance/capaci t y if  CK 
is  constant  and  equal  to  the  minimum  value  cf  the  resist  or/  r-'  si  sta  rce 
of  1 9lltUIi.  Consequently,  the  discharge  cf  ca  pacitarce/capacit  v 

eccurs  in  linear  network. 

Fage  197. 
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Anloyichno  it  is  possible  to  show  that  the  relative  over  sheer, 
caused  by  the  capacitance/ capacity  of  the  C„, 


R o.c<»  +S',) 

- . (V-58) 

" ~ 

(Ro.  c R,ICJIC  +"  ^Rlt:n,Ro.  d 

Taking  into  account  that 

R„^  and 

Ro.  c RueJi%* 

we  oi  t.ii 

d K 


/..-s 

cKt  1 +sr„M|) 


1 

1 -r 


(V-59) 


From  expression  (V-59)  it  is  evidert  that  the  value  of  f/„  wit. 

an  increase  in  the  signal  decreases,  since  the  resistor/resistance  ot 

R,  iejic  increases  fasteL  than  the  resist  cl/ resi  £ ta  nee  of  p.  Ihe 

calculation,  carried  out  according  to  formulas  ( V—  57 ) and  (V-59), 

shows  that  toward  the  end  ot  the  quasi-linear  section  of  the  amt  lit ud 

characteristic  (x  = 102)  of  the  cascade/stage,  assembled  or.  t h-  t.ul  c 

of  6J5F  (with  parameters  Kt  = D,  = 10;  a = 1;  CK  — 30  >jF;  the 

Jb 

tfo. e = 5,I  of  the  komy  of  /?neji,  = lOOaw)  the  value  of  AK 

decreases  13  times  from  1.3  • 10~?o/o.  Since  the  values  of  A,<  and 
d K are  permennymi,  c ommon/genera 1 /to t a 1 relative  decay  and  the 

relative  overshoot  of  the  cascade/stage  alsc  of  value  variables 
decrease  with  an  increase  of  sigral. 


Peverse/in verse  overshoots  can  be  removed,  if  we  from  the  Uuurc 
cf  nonlinear  cascad e/st age  exclude  capacita nce/capacit ies  and  to 
fulfill  cascade/ st age  by  the  amplifier  circuit  cf  direct  current. 

This  amplifier  is  idel'nym  from  the  viewpoint  of  the 

formation/education  in  it  of  re  verse/ in  verse  overshoots.  Incrcasinly 
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previously  examined  methods  make  it  possible  to  considerably  J~m>  a ;-i 
the  parasitic  re verse/i nvet re  overshoot,  cb r zo u y ushch i ys ya  ir  t ; 
amplifier  itself,  and  thereby  to  draw  nearer  it  the  idela'nomu 
amplifier.  In  this  case  the  matter  with  the  amplification  of 
n cment um/i mpulse/pul ses  to  otstoti  is  satis t actcry , if  to  * he  input  OI 
logarithmic  amplifier  enter  idel'nye  m o ne n t u n/i m pu lse/pulse s without 
reverse/inverse  overshoots.  Thus,  for  instance,  for  providing  a 
normal  operation  of  ideal  logar  ithmic  video  amplifier  in  dynamic  ra 
to  80  JB  to  the  input  of  amplifier  it  is  necessary  to  supply 
mcmentum/impulse/pulses  with  the  parasitic  rever se/inver se  overshoe* , 

which  does  not  exceed  0. C0 1-0.  002o/o  from  the  value  of 
me  me  nt  um/im  pulse /pul se. 

Page  198. 

Real  momentum/impulse/pulses  always  have  mere  consi dor  afi- 
re verse/in  verse  overshoot.  This  leads  ' tc  the  fact  that  at  the  out;  un- 
even of  idela'nogo  amplifier  toward  the  end  cf  the  logai ithmic  ring, 
the  overshoot  sharply  grew/rises.  This  deficiency/lack  it  is  .-ossii  1 
tc  largely  remove  in  diagrams  with  1st  type  nonlinear 

divider/denominator  and  with  nonlinear  by  cell/elements  in  the  cat.hod- 
circuits  cf  cascade/stages,  including  the  supplementary  sem icon  duct oi 
diodes,  which  cut  reverse/inverse  overshoots. 

Supplementary  diodes  in  the  first  diagram  are  included  in 

? second 


parallel  to  resistor/resista roe  R6  etc.  (see  Fig.  58),  in  the 
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diagram  - in  parallel  to  plate  lead  to  the  transient 

capacitance/capacity  of  Clt  In  this  case  network  elements  mur*  ! <■ 
designed  taking  into  account  the  which  shunts  effect  of 
Jcpclnitle' nykh  diodes  naanodnuyu  load.  In  the  presence  of 
supplementary  diodes,  parasitic  te verse/ i nve rse  overshoots  are 
amplified  with  lesser  amplification  factor,  than  signal.  Le*  us  agt<-< 
this  amplifier  to  call  1 ega f i f m iches k i m video  amplifier  with  th' 
suppression  of  reverse/inverse  overshoot.  The  test  results  of  *1 
suppression  of  reverse/inverse  overshoot  are  obtained  in  diagram  w i * r 
nonlinear  cell/elements  in  the  cathode  circuits  of  cascade/ st age;  . 
Figure  126  by  primes  shews  growth  curve  in  the  relative  ovrishoot  at 
the  output/yield  of  four-stage  logarithmic  video  amplifier  wit  tr* 
suppression  of  re  verse/ inverse  overshoot  during  the  a mpl i 1 1 ca t i c r of 
real  moment  u m/i  mpulse/pu  1 ses  with  the  relative  overshoots  of 

d, ix  = '’»  0.1  and  0.(1  Ic/o.  The  Printsipipial ' nay  a diagram  or  * i 

nonlinear  cascade/stage  is  depicted  on  Fig.  57  (voltage  by  which 

begins  the  LAX  of  cascade/stage,  during  the  calculation  accepted  of 

m V 

Um,  - **)■  Figure  126  shows  that  the  reverse/inverse 

cvershcot  n the  output  of  amplifier  with  suppression  can  be  ob-ain*"- 
approximately  10  times  less  than  in  ideal  logarithmic  video  ampliiit-u. 

Thus,  upon  the  inclusion  cf  nonlinear  cel 1/element s into  tin 
cathode  circuits  of  amplifier  stages  it  is  pcssitle  to  design 
ideousilitel'  with  wide  logarithmic  ranqe  cr  the  order  of  £0-100  r , 
which  has  the  virtually  instantaneous  restcrat  icn/reduct  ion  ot 
maximum  sensitivity  after  the  action  tol"shikh  signals,  which 
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§3.  Method  of  the  study  of  transient  processes  ir.  sel.-ctivo 
a ir  p 1 i f iers. 

During  the  study  of  transient  processes  the  amplifier  ltwiimIh:. 
cascade/st  age  of  logarithmic  amplifier  fct.h  in  the  case  of  the 
shunting  of  plate  load  by  nonlinear  ce 1 1 /e 1 e me n t and  in  the  cm  c- 
obtaining  LAX  by  the  consecutive  addition  of  voltages,  car  )■ 
presented  in  the  equivalent  diagram,  shewn  in  Fig.  IIP.  Ge  r.f  r 1 1 
equivalent  nonlinear  conductivity  in  the  anode  circuit  of  the 
cascade/stage 

A SbuX  "I  i 

Siie.-i  -f  gux.  ( V-60) 

For  a diagram  with  separate  detectors  (see  Fig.  9S)  in  * xor  aoi 
(V-60)  nonlinear  conductivity  w i * h low  signals  is  the  input  admittance 
of  detector,  and  with  large  signals  - the  input  admittance  of  - -ir 
of  the  following  cascad e/stage.  During  the  study  of  transient 
processes  in  equivalent  diagram  (Fig.  132)  is  utilized  the  met-;,  h: 
the  slowly  being  changed  amplitudes  >. 

FCOTNOTF  1 - The  possibility  of  applying  a method  of  the  slowly  bail  . 
changed  amplitudes  for  the  study  of  trarsient  processes  ii  !•  c*  i v> 
logarithmic  amplifiers  is  shewn  in  work  f16],  etc.  ENdfoOtN'  T:  . 

In  order  to  define  the  distortions  ol  radio  pulre,  caused  by 
logarithmic  amplifier,  it  is  necessary  tc  neyti  th«  transient 
responses  both  onJ  cascade/stagt  and  the  mnogokraskadnogo  a n* : ■ 1 i • . : 
with  disconnection  at  point  in  time  t = 0 voltage  sut  m 


r 
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where  WBX(/1  is  envelope  of  input  voltage.  Then  output  potent  i 1 
can  be  presented  in  the  form 

uIIUK  (/)  = UutJx  (/)  sin  |W  — j (/)], 


where  L/„ux (/)  - envelope  of  the  output  voltage,  whicl  is  th<’ 

slowly  being  changed  function  of  time;  ty{l)  art  the  slowly  b?i  r.  c 
changed  phase. 


Page  200. 

Transient  processes  in  selective  amplifier  stages  with  nor.  1 i ■: 
lead  ace  described  by  the  nonlinear  differential  equations  whos- 

degree  depends  on  the  complexity  of  diagram.  Tie  routine  method 
the  solution  to  nonlinear  differential  equations  in  mathematic:  i<>  ' * 

exist,  which  extremely  complicates  the  solution  potavlennoy  nro)  r 
and  forces  to  be  turned  k to  the  approximation  methods  of  i !.♦»*:  r >t  i • : . 

Since  during  the  study  of  transient  processes  is  of  in*  or..  o n;  1 , 
envelope  of  oscillations,  i. e. , t he  law  ct  a change  in  the  ampliMr). 
of  oscillations  at  the  output  of  amplifier,  it  is  most  expedi't*  * 
investigate  transient  processes  by  obtaining  the  approximate 
differential  equations  for  envelope  ( uk  c rechen  n y kh  equation:;)  w » * 
subsequent  solution  by  their  gi aphoanalytical  method.  with  *h 1 : 
method  of  study,  the  problem  is  simplified,  since  which  int  o *■ 
envelope  are  obtained  without  the  plotting  ct  curves  of  high  fi  1 : \ 

and,  furthermore,  the  shortened  equations  ter  envcloje  t 1 ev  ar  ♦ I » 
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nonlinear  differential  equations  of  lower  order,  than  the  ir.it-;  .] 
differential  equations  of  transient  process.  The  graph oa m 1 yt ir  i i 
solution  to  the  obtained  ukorechenn y kh  equations  presents  no 
dif f icult ies. 


The  detailed  procedure  for  the  composition  of  the  shortened 
equations  is  given  in  work  f 11].  Let  us  compose  shorten*  1 q icier, 
for  the  diagram,  depicted  on  Fig.  132.  Let  us  record  expression  for 
* he  composite  factor  of  amplification  of  the  diagram 


a.  (/mi  = sz  (jui)  , 

°*ne7i 

Taking  into  account  that  equivalent  circuit  dampinq 

t . . , 


w h e r e 


l 

V LC 


the  resonance  frequency  of  duct,  w«  obtai' 


A (/<u) 


/'  :r », 


tv, 


I-  ~ * 
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Let  us  find  expression  for  the  shortened  composite  amulifir  enn 
factor  of  the  small  detuning  when  u = w0  ♦ Au.  Taking  into  icr uura 


that 
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we  obtain 


K [j  K -I-  A‘°)l  = z 


■ &t0  % 
ii,  + 1— 

*0 


fcV. 


(/>“»■ + 2/m»  + a+/^#i 

\ ,,J0  J U,0  ° 0 


The  relative  detuning  of  Au/u0  and  the  attenuation  of  8,  arf 
the  small  first-order  guantities.  By  rr ject/t hrcw  ing  in  numerator  ai 
de  nominator  all  terms  ot  the  second  and  higher  than  t hQ  ord-rs  of 
smallness  and  podtavlyaya  the  value  of  8„  we  will  obtain 


K (/A  «>) 


There  is  virtually  greatest  interest  in  the  case,  when  * u;  ■ 1 
amplifier  is  tuned  to  a frequency  of  signal.  By  taking  into  ncoun’ 
this  observation,  it  is  possible  to  operate  not  with  composite,  ru  + 
real  envelope.  Then  is  envelope  at  the  output/yield 

UBldX  (0  = K (/A. .»)  Uax  (l). 

Substituting  the  value  of  K (jAu)  , we  have 

(2/Au>C0  + g,HJ  Uuut  (t)  = SUUX  (t). 

Considering  jAu  as  differential  operator  jAu  = d/dt,  w o. -li- 
the shortened  equation  for  envelope 

,///  . 

~dT  + = SU«-  (V-61) 


FCOTNOTF  *.  In  equation  (V-fl)  under  tJ  one  should  understand  M. 
amplitude  values  of  stresses. 


i SDFCOTNCTP. 
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§4.  Transient  processes  in  tuned  amplifier  with  single  lur: T . 

Transient  processes  in  a resonance  logarithmic  amplifier  wit* 
nonlinear  cell/elements  in  the  anode  circuits  of  cascade/st aa^*  : . 

The  schemat  ic  diagram  of  the  investigated  amplifier  is  dcic* 
cn  Fig  . 7ft. 

Fcr  obtaining  the  requireu  amplitude  characteristic  of 

cascade/stage  conductivity  fcr  a fundamental  harmonic  of  ano’  > c i: 
ii  equation  (V-61)  must  take  the  form 

=:  M (*)■ 

where  the  function  V (z)  just  as  in  the  case  of  logarithmic  v i i • ' > 
amplifier  is  determined  by  expression  (V-3),  but  t general 
conduc  t ivit  y 

H o — gv. jx  pv  + g j — 


4lb 


After  substituting  into  equation  ( V — 6 1 ) the  conductivity  o* 
gtHt„,  relative  time  a and  the  relative  stresses  x and  z,  w will 

obtain 

~-\-f  (z)z  =.v(a).  . (V-G2) 

da  1 


Equation  (V-62)  is  analogous  with  tho  equation  ( V — 4 ) , whir" 
describes  transient  processes  in  logarithmic  video  amplifier. 
Therefore  the  solution  to  equation  (V-b2)  fct  the  differ"!  *■  .ectioi 

cf  the  amplitude  character  ist ic  of  cascade/stage  are  the  exit-.:  i 1 
( V — 7 ) , ( V — S ) and  (V-9)  . 
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Transient  responses  and  the  curves  of  a relative  change  ir.  -!•■  ■ 

time  and  delay  time  in  the  logarithmic  cascade/stage  of  ♦ he 
amplification  of  video  pulses,  depicted  cn  Fig.  IIS  ind  IIS,  a’  i il: 
the  transient  responses  of  multistage  logarithmic  video  a ir.  i>  1 : “ i • : , 
given  in  Fig.  122,  are  accurate  for  a tuned  amplifier  during  th 
corresponding  replacement  of  relative  time  cf  au  by  a, 

Comparing  relative  time  cf  the  video  amplifier  (aperiodic  amplifi-  • ) 
cf  au  with  relative  time  of  tuned  amplifier  wi*h  single  : v i >h  ♦: 

a,  we  see  that  during  the  execution  of  the  equality  of  «h  a * he 
value  cf  resistor/resis’-ances  p0  in  the  anode  circuits  ot  the 
amplifier  stages  of  video  amplifier  2 times  is  nrre  -nar  in.  t 
cascade/stages  of  tuned  amplifier  (with  identical 

capacitance/capacities  ir  the  anode  circuits  c0)  . Conspqu*»r  1 v , • 

this  case  logarithmic  video  amplifier  in  work  in  linear  cor.  iiMoi 
a passband  2 times  less,  but  the  maximum  amplification  Motor  tim. 
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ills 

larger  than  tuned  amplifier.  Distortions  of  pulse  edge  in 
amplifiers  identical.  with  the  equality  of  ranges  LAX  a:  sol  i* 
changes  in  *he  delay  time  of  the  signal  of  aaaa  aid  set-uu  t ; cl  ♦. 
mcroentum/impulse/pulse  of  ty  in  this  case  in  fot h amplifier 
ident.  ical. 

With  the  equality  of  stray  capacitances  C0  an  1 of 
resist  cr/resista  nces  R0  in  the  anode  circuits  of  the  cascad  e/st  a ;• 
video  amplifier  and  tuned  amplifier,  the  maximum  factors  of 
amplification  and  band  of  the  proipuskaniya  cf  both  amplifiers,  ai  • 
identical.  Then  with  the  equality  of  ranges  LAX  relative  churn,  s of 
the  time  lag  of  signal  Aor  bcth  in  aperiodic  and  in  tuned  ampin:  : 
cdikakcvye,  but  an  absolute  change  in  the  delay  time  of  the  si  rnul  i 
♦he  logarithmic  video  amplifier  of  A/3|)  2 times  are  less  t:  n 

resonance,  since: 

A/3j,  ==  Aa„y?0C0;  (V-63)- 

Ar3p  - Act2 R0Ca,  (V-64) 

that  with  Aa„  = Ax 

A/3u  = 0,5A/3p. 

This  property  of  logarithmic  amplifiers  one  should  consider  i u:  i ; : * 
design  of  different  equipment. 
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Transient  processes  in  a resonance  logarithmic  amplifier  w i ♦ h ■ ; i;  u* 


L 


detect  crs. 


During  the  study  of  transient  processes  in  amplifier  with 
separate  detectors  (see  Fig.  95)  let  us  assume  that  the  detec*' 
inertia-free  and  their  transmission  factors  cf  An,  are  equal  *■  j 
unity. 

The  equivalent  diagram  of  the  investigated  cascade/sta  j : 
analogous  to  the  diagram,  depicted  on  Fig.  132,  and  for  the  r Mrd  or 
the  shape  of  the  envelope  of  output  voltage  it  is  possible  * r u-ili/* 
an  equation  (V-61).  It  should  be  noted  that  during  the  high  1 j a ! 
impedance  of  the  detector  of  iRiij>Ro)  the  nonlinearity  of  th* 
conductivity  of  A'-  in  essence  is  determined  by  thQ  nonlin-  iri*  .' 

of  the  input  admittance  of  the  tube  of  the  following  cascad - /st a it  > n i 
nonlinearity  detector  it  is  possible  net  to  consider. 

Equation  (V-61)  can  be  solved  graphically  or  analytically.  To 
graphically  solve  this  equation  is  convenient,  if  there  is  a graphic 
representation  of  the  law  of  a change  of  the  conductivity  of 
ter  a fundamental  harmonic  of  anode  current  depending  on  tp-  value-  of 
the  amplitude  of  stress.  During  graphical  solution  it  is  possible  to 
consider  a change  in  the  slope/transconductance  ct  the  tube  of  *,.• 
investigated  cascade/stage  on  the  high  levels  ot  input  volta  ’ c 

thi.s,  in  the  right  side  of  ♦he  equation  (V-61)  ere  should  substftut. 
the  value  of  the  amplitude  of  the  fundamental  harmonic  of  th  a nc,> 
current  of  the  lm,  — SUKX,  found  analytically  cr  graphically 

according  to  the>  anode-grid  characteristic  cl  ♦ule  for  this  vilu"  o1 

L 
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input  voltage.  To  consider  the  dependence  cf  the 
slope/transconductance  of  tube  on  input  volta je  is  ^specially 
important  during  the  study  cf  transient  processes  in  the  inulTi-  *a  ,• 
amplifier  when  casca de/sta qes  work  with  overloading.  The  law  >f  a 
change  in  the  from  the  amplitude  of  applied  vol  * i je  can 

calculated  as  follows.  Knowing  the  value  of  the  common/gen e ral /tot ; 

anadr.ogo  resistor/resistance  R0,.  having  the  grid  charact er i :*■  i ' cf 
tube  for  the  assigned  operating  mode  and  the  v c lt-amp^re 
characteristic  of  detector  (taking  into  account  the  load  imp^dai.o-  o 
/>„).  we  construct  the  common  volt-ampere  characterist  ic  or 

nonlinear  load.  Then  analytically,  if  there  is  an  approximation  of 
common  volt-ampere  characteristic,  or  graphically  by  the  method  tiv 
crdir.ates  (see  Fig.  87)  we  design  the  dependence  of  the  fundamental 

harmonic  of  the  current  of  /i„CJI  on  the  amplitude  of  the  appli-  ' 
vcltage  of  /,  =/(£/),  and  then  from  formula  (11-100)  we  1 * i <r.  * 

dependence  of  g,Kejl  = / ((j), 
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During  analytical  solution  equation  ( V — 6 1 ) it  is  expedien* 
record  in  the  following  form: 


(V-65) 


where  ^ i — g*ueJ,U»ux> 


The  solution  to  equation,  similar  to  equation  (V-65),  with 
different  approximations  of  dependence  i,,ei,  = f(U)  is  given  in 
S.  N.  Krinz's  doctoral  dissertation,  "Transient  Processes  in 
Linear  and  nonlinear  apperiodic  circuits." 

For  solving  equation  (V-65)  it  is  necessary  the  dependence 
of  /, mn  ==  f(U)  to  approximate  by  an  function. 
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1.  Approximation  by  the  exponential  function  of  I illeJ1  = /(,< 


,aU 


This  approximation  is  permissible  in  the  sin  chaemalorgo  load  impedance 
cf  the  detector  of  Ther  equation  ( V - 6 5 ) it  is  possible  tc 

record 


where  l„,  = SUax, 


w he  nee 


JL  = f _ .dU-"-d* (-  A' 

2C0  J /,„  - l„eaU™* 


This  integral'  is  undertaken  by  the  substitution  of  ij  = !„eaUaux. 
Finally  the  solution  to  equation  (V-65)  takes  the  form 


Uw  = ~ In 


" (,-^r'^-t  $L. 

\ On/  'in 

Envelope  of  output  voltage  can  be  calculated  from  expression  (V~-() 
by  being  given  the  separate  concrete/snecif  ic/actual  values  or  • i < 
In  this  expression  it  is  possible  tc  consider  the  nonlinearity  * 
tube  of  the  investigated  cascade/stage,  by  substituting  the 
appropriate  value  or  fm,  which  considers  a charge  ir  the 

s lope/ tra ns con  duct a nee. 


(V-66) 


Un 

2.  Approximation  by  the  exponential  function  of  /iliejl  = ^r. 
This  case  of  approximation  is  most  probable. 
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Here  R0,  the  total  resistance  of  the  plate  lead  cf  cascade/:  * 1 :<  i: 
work  in  linear  conditions.  Equation  ( V — 6 1 ) can  he  recorded 

• i • • rfi 

{ ^ Bin  , ^ Hbix  j 

Introducing  relative  time  a = +/2C0R0,  we  have 


,iu , 
T/a 


“■'*  _j_  //'’  — IP 

. w uux  — * in^Q} 


whence 


t/a 


dU.. 


ImRa  — Ua 

■ 1 0 JltJ 


Taking  into  account  that  I m = , and  substituting 

c tt  ain 


- / #1 — n ( dO 

“ = J T=Tn  + A. 


The  integrand  of  the  inteqral  of  N — \ 
the  binomial  differential 


“ </() 

\ l—i  y> 


(J  = 


W<_' 


is  a speria  1 ri 


■V  - f r'*T«  = S’  °m  + b0T  • (V-67) 


in  which  m = 0;  d = 1;  b = 1 and  p = -1 


According  to  chebyshev's,  theorem  the  integral  of  1 inomi  1 1 
differential  in  the  final  form  can  he  expressed  throuah  elem  ntjry 
functions  only  in  three  cases:  1)  p is  integer;  2)  m * 1/n  - ::*<  j • : ; 
1)  p ♦ m ♦ 1/n  - integer. 

In  our  case  is  satisfied  the  first  condition  (f  = -1).  T!«:  *o: 
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integral  (V-67)  can  he  found  ir  *he  final  form  with  all  wi.ol  .1  i:  v 
fractional  rational  number  n.  A*  the  whole  values  * he  in*-egi  il  (V-’  7) 

is  tabular. 
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For  example  with  n = 1 


In  (1  — 0); 


with  n = 2 


v f (/tl  1 1 1-0 

'V=  r-T  = 7 1,1  fT#  = Arth  °- 


With  n fractional  and  rational  number  integral  (V-67)  is 


undertaken  by  the  substitution  of  ij  ~ 1 — U", 


Then 


N-\ 


(‘(I  - if)" 


(V-68) 


For  an  example  let  us  find  the  value  of  the  integral  (V-t>7)  wit  > 1, 


j y t)  y 

_ 2 1"  — — ‘20t  — f'r  — 4 — 2 In  (1  — 0 1 )]  ■ 

L 3 * J s 


For  incommensurate  values  of  n integral  ( V — f 7 ) it  can  ’< 
calculated  approximately  by  the  expansion  of  integrand  in  ♦ h< 

N f (1  — dO  = f (1  + 0"  + +...)<«“ 
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By  utilizing  d'  Alembert's  s ign/criter ior , it  i s possible  t cj 
demonstrate  that  with  0 < 1 series  (V-fS)  converges. 


By  solving  equation  ( V - 61)  analytically,  it  is  possible  to 
investigate  transient  processes  only  in  single  cascade/stag < m: 
influence  on  the  input  of  voltage  surge.  Py  solving  equation  (. 
graphically,  it  is  possible  to  investigate  transient  processes  i 
multistage  amplifier  by  substituting  in  the  right  side  of  the  •. 
the  function  of  which  depends  on  time.  In  both  ca  •- 

equation  (V-61)  is  solved  for  a co ncre t e/speci f ic/act ua 1 n li  i 
circui t. 


Figure  113  depicts  perekhodye  characteristics  foi  one 
cascade/stage,  assembled  on  a tube  ct  the  type  cf  fid  IP.  By  ♦ • 
of  cascade/st  age  is  the  single  oscillatory  circuit,  shunted  ♦ 
impedance  of  a tube  of  the  type  of  the  FJ1P  of  the  following 
casca de/st age  and  detector  of  the  type  cf  D 2 J with  the  load  i t 
cf  the  /?„  = 2,8  kom.  Parameters  of  the  investigated 

cascade/stage:  AF , = 3.8  MHz;  f0  = 30  MHz;  K,  = 10.  The  d-r<>-.  i 
of  the  entry  impedance  of  the  A.»,  f(U)  of  the  tube  of  8 J 1 p oi 

value  of  the  amplitude  of  input  voltage  is  designed  according  * - 
grid  characteristic,  depicted  on  Fig.  49,  for  the  following  on  - 
mode  of  the  tube:  f/„  =-•  — 120  £c„  — — 1,5 


1 


1 Il-'i- 

'lirt 

t 

t h»* 

^ + IT.  ) 
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Fig.  133.  The  transient  responses  cf  resonance  cascade/sta  j.  » i*  •, 
different  input  voltage. 
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The  Za visimostvkhodnogo  resistor/resist  ance  of  detector  RK*n  =/tf4 
from  the  value  of  input  voltage  is  desiqred  acording  to  the  procedure, 
presented  in  works  [9]  and  f 10  1. 

After  the  calculation  of  dependence  of  Ru*n~f(U ) and  the 

Ra  f (U)  were  refined  experimentally  by  substitution  method. 

Figure  133  shows  that  the  time  lag  and  the  set-up  ti®p  of 
mo  men t um/im pu lse/pul se  at  the  output/yicld  of  cascade/st age  sharply 
decreases  with  an  increase  in  the  signal,  which  indicates  t h>-  powers'll 
shunting  of  the  load  of  cascade/stage  by  the  entry  impedance  of  ’•re- 
following  tube.  Carried  out  by  the  author  cf  investigation  she . 
that  at  the  values  of  the  load  impedance  of  the  detector  of 
R„>(2-:~  )),*’  by  the  effect  of  the  entry  impedance  of  detector  it  i., 
possible  to  disregard.  The  complete  overloading  of  thp  invert!  ; itr i 
cascade/stage  began  with  input  voltage  8 in,  in  this  case  output 
voltage  - also  order  8 in. 

A sharp  decrease  in  the  delay  time  in  cascade/stage  with  a i. 
increase  of  signal  especially  ir  perceptible  in  multistage  a mp 1 ' : i • i . 
The  transient,  responses  of  the  six-stage  lo  car  f i nichesk  ogo  it;  • , 

assembled  on  the  tubes  of  6J1P  and  which  has  the  parameters;  • (1 
"1Hz;  K0  = 10*;  AF  = 1 "1Hz,  are  depicted  cn  Fig.  134  an  i 11r>. 

characteristics,  given  in  Fig.  134,  correspond  to  the  case  w 
input  of  the  last/latter  cascade/stage  enters  voltage  yoli-hii.  i 
i.e.,  when  all  cascade/stages  they  work  in  linear  condi’ior  . 
order  that  the  last/latter  casca de/stage  woull  work  in  l !►  ’ * i ’ 


conditions  with  the  ether,  its  plate  load  was  shuri*>'1  I v ‘ ; 
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supplementary  nonlineai  cell/element , replacing  the  input  of  r 
following  tube.  Because  of  this  its  transient  tespons-  cor  r n . • > 

the  characterist  ic,  depicted  from  Fig.  133  in  U,iX  — 1 ».  .ill 

consider  that  this  case  corresponds  tc  the  beginning  of  the  LAX  of 
airplif  ier. 
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The  transient  responses,  which  correspond  tc  the  end/1-  id  of  th* 
LAX  of  amplifier,  when  on  the  input  of  the  first  casca  de/s* ao  jive  i 
voltage  8 into  all  cascade/stages  are  handled,  depicted  on  Fig.  11r. 

If  delay  line  is  designed  out  of  the  condition  of  providing  a • i : ' il 
delay  between  cascade/stages  for  a period,  accurately  equal  *-o  Ms 
delay  time  of  the  signal  in  cascade/st a g e in  work  in  linear 
conditions,  i-e.,  out  of  condition  (1V-26),  then  the  deity  t i m in  * 
signal  of  amplifier  on  of  input  signal  level,  which  correspond  to 
beginning  and  the  end/lead  of  the  LAX  of  amplifier,  sharply  is 
listinguished.  This  is  evident  from  Fig.  116,  in  which  are  show 
transient  responses  of  the  resulting  video  pulse  on  overall  lnj  i for 

ct  input  signal  level,  which  correspond  to  the  teqinning  of  the  LAX  or 

amplifier  (is  curve  1)  and  tc  end/lead  the  LAX  cf  amplifier  (is  curv 

2).  In  this  case,  the  delay  line  provides  a delay  in  the  videot  ignal 

between  cascade/stages  for  a period 

U = t>.  K = = 2CaR„ 


that  it  corresponds  a = 1. 


In  this  case  the  delay  time  of  the  amplifier  decreased  2 ♦ - > • : 
In  a number  of  cases,  in  particular  in  logarithmic  radar  rcc^iv  , 
this  change  of  the  delay  time  in  the  signal  is  inadmissible. 
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Fig-  136.  The  transient  responses  cf  amplifier  cn  the  result  in) 
[ulse  with  the  different  levels  of  signal  and  different  delay 
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Fcr  providing  a constancy  of  the  delay  time  in  *_nc'  amplify  r : i 
all  dynamic  range  of  the  LAX  ot  1 i ni y uzader zhk i it  is  necessary 
design  so,  a toby  it  it  provided  a delay  in  the  videosignal  v -tv < o r 
cascade/stages  for  a period 


Jit , „ — /') 
n ' 


(V-70) 


where  *j.  h 


- the  delay  timo  in  the  amplifier  on  signal  l-*vrl. 


ccr respendi ng  to  the  beginning  of  LAX;  t*  - the  delay  time,  i ?* -irin-  : 
cn  the  transient  response  of  the  average  cascade/st aaa  on  signal 
level,  corresponding  to  the  end/lead  cf  the  LAX  cf  amplifier  (in 
six-stage  amplifier  to  average  one  should  count  the  third 
cascade/stage,  in  semik ask adnoro  - the  fourth);  n is  a number  of 
amplifier  stages . 


The  transient  response  cf  the  amplifier  of  the  resulting  video 
pulse  for  the  case  when  delay  line  is  designed  from  condition  (V-70)  , 
is  depicted  as  prime  (is  curve  3)  on  Fig.  136.  At  the  level  3.  S 
characteristics  1 and  3 have  common  point.  It  should  be  noted  *■  t. 
these  characteristics  are  constructed  net  allowing  for  the  inert' -s: 
of  the  load  of  detectors.  If  the  time  constant  cf  the  load  circuit  oi 
detector  is  selected  from  the  condition 

T.l  = CiiRh  *=  -j-  --= 

» — /* 

(V-71) 

that  flanges  on  characteristic  3 they  ate  smoothed  an  1 char  ict  • i : Mo  . 
virtually  it  takes  the  form  cf  straight  line  (is  straight  lino  4)  . j ri 
this  case  the  logarithmic  amplifier  has  identical  delay  *-im*  on  Lot 
cf  input  signal  level,  which  correspond  to  beginning  toward  t h • 
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the  LAX. 


On  the  basis  of  the  analysis  conducted  it  is  possible  fo  n!  r • 
following  conclusions.  if  the  load  of  amplifier  stage  is  a const  an* 
value  and  does  not  depend  on  signal  level  (diagram  wi*h  anodn  and 
cathode  detection  when  the  input  impedance  of  a tube  during  th- 
sufficiently  high  re sis tor/ resistance  of  aaaaa  can  he  consi d-r-d  hi  ih 
and  constant),  then  delay  line  one  should  design,  on  th®  strength  of 
condition  (IV-26).  rf  the  load  of  amplifier  staqe  is  variable  i n d 
depends  on  signal  level  (diagram  with  separate  detectors),  *her  delay 
line  it  is  necessary  to  design,  on  the  strength  cf  condition  ( V — 7 0)  , 
and  the  load  circuit  of  detector  - made  cf  condition  ( V — 7 1 ) . 
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ij'i.  Ways  of  the  stabilization  of  the  delay  time  of  the  signal  in 
logarithmic  amplifiers. 

Th*1  considerable  dependence  of  the  delay  time  in  the  signal  on 
the  level  of  the  input  voltage  in  a numl er  of  cases  limits  tie 
application/use  of  logarithmic  amplifiers.  As  a result  of  *he 
conducted  investigations,  are  outlined  the  following  ways  of  the 
stabilization  or  delay  time  in  logarithmic  amplifiers. 

1.  Shunting  of  the  plate  lead  of  cascade/stage  by  2nd  + vn. 
nonlinear  d i vider/d  e norm  inat.  or  . In  this  case  during  an  increase  in 
signal,  the  time  constant  of  anode  circuit  grow/rises,  which  leads 
a sharp  increase  in  the  set-up  time  cf  tncmer  tu  m/inipulso/uuls<  ir  th 
anode  circuit  ot  cascade/stage.  As  a result  of  the  logarithmic 
operation  of  signal  by  nonlinear  di  vider/dencminator  the  of  fee*  >: 
extension  of  pulse  edge  in  anode  circuit  in  lesser  measure  Uansr  ^ 
tc  the  output/yield  of  cascade/stage,  i.e.,  to  the  output/ vie  1 1 
d i v ide  r/de  r.omi  na  tor . 

Figure  137  depicts  the  curves  of  a relative  change  ir  * t ; 1 i 
time  in  -/.  and  time  of  the  u star,  movleriya  of  tj  at  the 
cutput/yield  of  cascade/stage  in  the  plate  lead,  shunted  by  2n1 
nonlinear  divider/de nom inatcr.  Parameters  cf  cascade/stage  at  v ► 
the  lirear  conditions:  K,  = Di  = 1C;  f0  = 3C  !“!Hz;  M,  2 . 4 v ■;  r 
7?a  = 30  kom ; Nn.  = '2,2  kom ; rule  Ml?. 

From  the  figure  one  can  see  that  the  set-up  time  ani  '.olav  *i 


during  <in  increase  in  the  signal  first  decreases,  and  then  i* 
increases. 
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Fspecially  considerably  grow/rises  the  set-up  tiire.  It  shouli  be 
noted  that  upon  the  inclusion  of  oscillatory  circuit  into  grid  citcuit 
in  parallel  to  the  r es  istor/resistance  cf  the  d i vider/denom  in  at  or  of 
7?a  with  an  increase  in  the  capacitance/capacit  y of  duct  (wi^h  ,3 

decrease  in  the  passband  of  cascade/stage)  a relative  change  in 
times  cf  t3  and  gy  decreases,  i.e.,  delay  time  is  stabilize  ; . 
This  property  can  be  utilized  in  narrow-hand  amplifiers.  Jr 
mnotokaskadnom  logarithmic  amplifier  a decrease  in  the  delay  'in'  it 
the  first  cascade/stages  is  compensated  for  ty  an  increase  in  ♦ 1 
delay  time  in  tne  last/latter  casca de/s t ages . 

In  five-stage  logarithmic  amplifier  with  2nd  type  nonlinear 

divider/denominators  (parameters  of  amplifier  in  the  linear 
conditions:  f0  = 30  MHz;  Af  = 1 MHz;  K0  = 4«10S)  during  a chan  jo  of 

the  signal  in  dynamic  range  to  80-90  dF  the  delay  time  in  the  signal 
decreases  not  more  than  hy  30-40o/o. 

2.  Application/use  of  amplifiers  with  coupled  circuits.  T.  Ya. 
Cramer  showed  that  in  amplifier  stage  wi*h  ccupled  circuits  lui:  i *h* 
appropriate  selection  of  the  parameters  cf  ducts  it  is  possible  * o 
ensure  the  constancy  of  the  delay  time  in  the  /<  during  a charge  in 
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value  cf  one  of  the  resistor/resistancp?,  shunting  ducts.  T*  c i )i  i- 
cesistor/resistance  Rt  (see  Fig.  81  in  the  absence  of  nonlinear 
cell/eleraents)  , that  shunts  the  first  duct,  then  the  constancy  cf  tin 
of  /,  is  reached  of  the  relationship/ratio  cf  the  parameters 

kCk  = *»,  (V-72) 

where  /,*,.d  - the  coupling  coefficient;  'V  rV.,  ~ the 

attenuation  of  the  secondary  circuit; 

i l , J , t_ 

a1...  /■'*  Ko<,  ' iiux  • 

If  changes  res isto r/r esista nee  R?,  which  shunts  the  secondary 
circuit,  then  the  constancy  cf  aaaa  it  is  reached  with  the 
relationship/ ratio 

/^=V  (V-73) 

where  6j  = 1/<*)0C01R0l  “ the  attenuation  cf  the  first  duct; 


Fage  2 13. 


During  the  fulfillment  of  relationship/ratics  (V-72)  and  V-73)  a 
cascade/stage  it  has  the  sc-cal  led  optimum  parameters.  During  a 
change  of  the  value  of  resistor/resistance  F02  6 times  (from  R0  ? 

U.2r>  P0,  to  P0?  = 2P01)  the  delay  time  of  the  signal  in  cascade/.-  ♦ ag* 
in  the  optimum  parameters  changes  only  by  37o/o.  For  a comparison  i* 
is  possible  to  indicate  that  in  cascade/st.  a qe  with  single  duct  undo; 
the  same  conditions  time  of  changes  8 times. 
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Since  cascade/stage  from  the  LAX,  in  which  cne  of  the  duct,  i 
shunted  by  nonlinear  resistance,  is  not  identical  to  linear 
cascade/st aye  with  the  a 1 1 er ra t ing/ va r ia h le  tack-out  resistot.,  * 
stabilization  of  delay  time  in  it  is  obtained  below  than  in  linear 
casca de/st aqe . Transient  processes  in  amplifier  with  coupled  circuit 
also  can  be  investigated,  by  utilizing  a method  cf  the  slowly  b-ii  j 
changed  amplitudes.  The  i n vest iyat 1 cns,  carried  out  by  the  author, 
they  showed  following: 

during  an  increase  in  the  relative  tension  x 10  times  the 
relative  set-up  time  of  the  of  cascade/stage  with  the  optimum 

parameters  (witn  K,  = Dt)  decreases  approximately  1 tine.  , ir.d  • 
relative  delay  time  of  the  * - 2 times.  During  increase  ;;  It.*  : 

100,  relative  time  of  i]  decreases  approximately  7 t imps,  I u*  *im. 
of  y.  - 4 times,  i.e.,  in  considerably  lesser  measure,  than  ii  the 
case  of  amplifier  stage  with  single  resonant  circuit; 

with  an  increase  in  the  input  voltaqe  the  overshoot  on  flut/il  i r. 
pulse  apex  first  grow/rises,  and  then  decreases; 

with  an  increase  in  the  base  of  the  logarithm,  according  to  t: 
law  of  which,  it  occurs  the  logarithmic  operation  ot  signal,  ov<  > • 

by  flat/plane  pulse  apex  it  grow/rises  and  it  can  achieve  v ry  :i  i* 
s ig ni f ica  nee . 


"I 
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Thus,  with  wile  to  passfcand  logarithmic  amplifier  with  couf 1*  . 
circuits  (optimum  parameters)  can  give  the  higher  stability  of  t;.< 
delay  time  in  the  signal,  than  amplifier  in  the  single  ducts,  hii:. ' 
only  by  nonlinear  cell/elements.  During  the  execution  of  amplrfier. 
cn  identical  tubes,  the  first  amplifier  will  have  the  lesser  number  : 
cascade/stages,  than  as  the  second.  This  fact  causes  the 
supplementary  stabilization  of  time  lag  in  amplifier  with  coupled 
circuits  in  comparison  with  amplifier  or  single  ducts. 
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3.  Calculation  of  delay  lines  in  amplifiers  in  the  consecutive 
addition  of  the  voltages  in  accordance  with  indications  presented  ir 
§4  the  present  chapter. 


Out  of  all  examined  methods  the  best  stabilization  of  the  delay 
time  in  the  signal  can  be  obtained  by  the  appropriate  selection  cl  ti.. 
delay  time  of  the  artificial  lines  in  the  amplifier  in  which  thf  I.Ay 
is  ettained  by  the  addition  cf  voltages. 
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Chapter  Six 


Calculation,  tuning  and  the  adjustment  cf  logarithmic  amplifier.. 


L 
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In  the  present  ehdpter  are  given  a procedure  and  examples  tot  tie 
calculation  of  some  types  of  the  logario icheskikk  amplifiers,  int-nut  ■ 
fcr  concrete/specific/actual  eq u ipment/d e v ices . The  remaining  'ype; 
cf  logarithmic  amplifiers  can  be  calculated,  by  utilizing  a material 
cf  the  preceding/previous  chapters  of  the  heck. 

§1.  Procedure  for  calculation  of  logarithmic  amplifiers  during  a 
change  in  the  a mpli f ica t i c n factor. 

Calculation  of  resonance  logarithmic  amplifier. 

I.et  us  examine  a procedure  and  an  example  cf  t tie  calculation  of 
n-cascade  logarithmic  UPCh  of  the  receiver  of  radar  station.  Fcr  ♦ i.» 
calculation  must  be  known  the  following  performance  data: 

the  minimum  passband  UFCh  in  work  in  linear  conditions  A F ; 

the  resonance  intermediate  frequency  f0; 

the  minimum  voltage  of  signal  on  input  UPCh  of 

the  minimum  output  potential  UPCh  (cr  at  the  input  of  detector), 
caused  by  noises,  U,uxuu„'> 

dynamic  range  LAX  (JFCh  on  input  voltage  D; 
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dynamic  range  LAX  on  the  output  voltage  ot  OulJK  rel.it  iv* 
the  output  voltage  ot  the  with  which  begins  LAX  UPCh, 

dynamic  range  h relative  to  the  minimum  output  ncise  voltage  of 

^“■bux.whh  (Fig.  HO).  If  the  LAX  cf  amplifier  begins  from  t in 

which  lies  on  20  dB  (10  times)  lower  than  RKS  value  of  amplifier 
ncises  that  is  the  range 


h 


|1U1K 


no  In  D,  4-  1 

a In  10  4-  1 


(VI-1) 
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During  the  calculation  cf  the  logarithmic  amplifier,  intend 
a computet,  instead  of  the  values  of  D„ut  and  h can  be  asr.i^n*- 
tase  of  logarithm  N,  according  to  the  law  cf  which  must  occur  tf 
lcgarithmic  operation  of  signal. 

The  calculation  of  logarithmic  tuned  amplifier  (UPCh)  is  :r 
in  the  following  order. 

1.  is  selected  the  type  of  tube  and  diagram  UPCh.  Tubes  i 
diagrams  UPCh  are  selected  from  the  same  con  s i 1e  r a t i ons,  as  dm  : 
calculation  of  linear  UPCh.  If  it  is  required  tc  obtain  in 
lcgarf  imicheskom  UPCh  a smallest  absolute  change  in  the--  ‘ime  la  j 
signal,  then  it  is  expedient  to  select  tubes  with  a larre 
s lo  pe/ 1 ra  nscorid  ucta  n ce  of  the  type  of  6.19P,  b.lllF,  6 J 2 J P , 6,12  1" 


i * • 


i.  v.  1 , 


ed  for 


c d ul<-  i 


nd 


o 1 


i • d 


4 
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6,122  P . 


2 . 

W e determine  entry 

stress  of  the 

by 

which  must  b*  jir 

the  LAX 

UPCh.  From  chapter 

I,  it  is  xnewn 

that 

the 

f luct  ua  t ion  s of 

interferences  are  presssed  by  logarithmic  receiver  to  the  inherent 
noise  level  in  such  a case,  when  LAX  begins  trem  the  level,  which  lies 
cn  20  ,3 B lower  than  RMS  value  of  noise  vcltage.  By  usually 
logarithmic  is  fulfilled  by  UPCh  of  receiver.  Then  the  noise  voltaqe 
cf  i in,,,  on  input  UPCh  one  should  undertake  equal  to  the  minimum 
voltage  of  the  signal  of  the  L/, which  corresponds  to  the 
ultimate  sensitivity  of  receiver.  In  this  case,  the  voltage 


3.  we  determine  the  maximum  factor  of  amplification  UPCh  K0  of 
work  in  linear  conditions.  With  the  input  vcltage  of  k'„x 

the  minimum  output  potential  UPCh  is  caused  in  essence  by  the  shmami, 
RMS  value  of  which  at  input  UPCh  on  20  dE  is  higher  than  the  level  nr. 
which  begins  the  LAX. 
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Therefore  in  the  absence  of  the  voltage  cf  signal  and  effect  at  input 
UPCh  only  of  noise  voltage,  operating  point  cn  the  amplitude 
character ist ic  of  the  last/latter  nalineyncgc  cascade/staqe  is  found 
somewhere  at  the  end  of  the  logarithmic  section  (in  the  case  U , 

IP),  and  tnP  tactor  of  amplification  of  the  last/laftoi  nonlineal 
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cascade/stage 


A', / 


i.e.  it  is  decreased  in  m once  where 


A,  _ IQ 

*w“flln,0  + 1. 


(VI-3) 


This  decrease  in  the  factor  of  amplification  of  the  last/latter 
nonlinear  cascade/stage  must  be  accepted  into  consideration  during  the 
calculation  of  comui  on/genera  1/t  ot  al  maximum  factor  of  amplification 

UPCh  in  the  minimum  output  voltage.  Then 


A'0  = rn 


(VI-4) 


Since  in  expression  (VI-3)  is  unkncwn  coefficient  a,  value  m 
tentatively  it  is  possible  to  undertake  equal  frcm  3 to  5,  which 
corresponds  to  a change  in  coefficient  ct  a frcm  1 to  0.434  or  to  a 
change  in  the  foundation  of  logarithmic  operation  from  2.72  to  10. 
Virtually  coefficient  a < 0.  434  almost  never  is  undertaken.  T h ■ - r 


K0  — (3  -5-  5)  u 


' (Vl-4a) 


4.  We  determine  the  maximum  factor  of  amplification  ot  ore 
cascadc/stage.  First  we  determine  the  stable  factor  of  amplification 


ct  one  cascade/stage  of  K,  . 


The  maximum  factor  of  amplification 


cf  cascade/stage  Kt  is  selected  less  than  the  stable  coefficient-  by 
20-30o/c  in  order  that  it  was  possible  tc  routinely  chance  it  to  the 
previous  value  K , and  thereby  to  remove  the  distortions  ot  tbe  IAX  ot 
n-kasadnogo  amplifier,  caused  by  the  ageing  cf  tubes.  of  this 
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selection  K,,  the  maximum  factoi  of  amplification  UPCh  one  shcul- 
design  without  gain  margin. 
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To  decrease  the  maximum  factor  of  amplification  cf  cascade/ st aae 
the  necessary  value  (in  work  in  linear  conditions)  possible,  s,  ]•, 
the  appropriate  operating  mcde  of  tube  (supply  cf  the  secondary  r 
cf  displacement  to  the  ccntrcl  electrode  of  tube,  a decrease  ii  * 
anode  and  screen  voltages  e+c.)  or  join  up  of  the  cathode  of  tub- 
adjustable  resistor  of  feedback.  The  second  method  of  ad  jus*  men* 
more  convenient  in  operation. 


Thus,  must  be  fulfilled  the1  condition 

7Cl==(0,7-:-0>8)Kyi!T.  (VI-5) 

5.  We  determine  the  total  resistance  cf  plate  load  P0. 


ft.  We  determine  the  number  of  intermediate  frequency  stages 

(VI-6) 


n •- 


In K„ 

I :l  Ki  ' 


7.  Wo  determine  the  passband  of  one  cascade/stage  AFj  and  * 
ca paci ta nce/ca paci t y of  duct  C0. 


H . 

be  equal 


Is  selected  the  number  of  nonlinear  cascade/stages,  wh  i< 
the  total  to  number  of  amplifier  stages  UPCh  or  less.  * 


VV3 


r o 

■c4‘  i r 
‘r  res 
■ hf» 

t 

i s 


hp 

i car 
lit  h 
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dr.  increase  in  the  number  ot  nor.  linear  casca de/st a gt s,  increas- 
dynamic  range  UPCh  on  input  voltage.  When  selecting  the  number  of 
nonlinear  cascade/stages,  it  is  necessary  tc  proceed  from  t h*- 
following:  UPCh  must  have  *he  required  range  LAX;  in  all  loruiM  pu 

range  'JPCh  it  must  no  the  overloading  beth  of  linear  and  non]  ire  • : 
cascade/stages.  If  during  the  calculation  it  seems  that  the 
last/latter  nonlinear  cascade/stage  at  the  end  cf  the  logarithmic 
range  UPCh  is  overloaded,  then  it  is  expedient  tc  decrease  the  valu. . 
of  the  input  voltage  of  and  coefficient  a,  but  the  last/lat*  r 

cascade/stage  to  execute  linear  in  order  tc  obtain  at  the  input,  ot 
detector  the  rated  value  of  the  minimum  r.oise  voltage  of  L/,U(1UX  M11H. 


9.  We  determine  coefficient  a,  which  characterizes 
s lope/ incli nat ion  LAX  UPCh.  If  is  assigned  dynamic  range  or 
cut  put/yield  UPCh  relative  to  the  voltage  of  Uvu*  1 ther 

coefficient  a is  determined  according  tc  the  fcrirula 

where  n is  a number  cf  nonlinear  cascade/stages. 
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It  is  assigned  dynamic  range  on  output/yield  UPCh  relative  fo  t 
voltage  of  Uau*umt,  then  coefficient  a is  determined  accotlirg  * o 

the  formula 


a = 


h — 1 

n In  D\  — h In  10  * 


i 


(Vl-8) 
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10.  Hp  determine  entry  stress  of  the  last/latter  nonlinear 
cascade/stage  of  the  Uux,  fcy  which  it  enters  the  logarithmic 
cperat  ing  mode. 

If  in  UPCh  all  cascade/stages  are  nonlinear,  then  the  stress  of 
UBx,  we  determine  according  to  the  formula 

Vb*.  (VI-9) 

If  the  last/latter  intermediat  ef  renuency  stage  is  linear,  tier: 
the  stress  of  i'UXi  we  determire  according  to  the  formula 

Un,  --=  Ut%uKT*.  (VI-10) 

11.  He  determine  the  ertvy  stresses  and  on  the  output /yield  of 

the  last/latter  nonlinear  cascade/stage  ty  which  terminates  the 

logarithmic  section  cf  its  amplitude  characteristic: 

Uux,^U^Ku  (VI- 11) 

UBUX,  = X^ux.  (« In  Dt  + 1).  (V 1-12) 

12.  with  output  voltages  from  UUUXl  = KiU»Xl  to  U B,JX|  for  * < 

last/latter  nonlinear  cascade/stage  according  to  formulas  (11-5°)  <:  : 

( I V — 1 1 ) (in  the  case  of  the  shunting  of  plate  lead  by  nonlinear 

ce 1 1/e le  me  n ts)  > . 

FCOTNOTF  *.  The  special  t e a t ur  e/ pecu  1 i a r it  i es  cf  the  calculator  of 
logarithmic  amplifiers  upon  the  inclusion  cf  nonlinear  cell/ •]■  !•  't 
into  the  cathode  circuits  cf  cascade/st a ges  are  examined  below  it  . i 


- 
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example  of  the  calculation  of  logarithmic  video  amplifier. 

£ KD FOOT NOTE. 


For  all  remaining  nonlinear  cascade/st aqes  this  dependence  wo  design 
from  those  formulas,  after  accepting  coefficient  of  a - 1. 

13.  With  output  voltages  frcm  yBIJXi  = K1Ubx1  (a  In  Dl  + I)  to  t 

UiUt,  *=  KlUaXl(ia\nDl+  1),  where  i - the  reference  number  of  nonlinear 
cascade/stage,  for  the  last/latter  nonlinear  cascade/stage  according 
tc  formulas  (11-61)  and  (IV— 15)  in  the  sluehe  of  the  shunting  or  p 1 a * 
lead  nonlinear  by  cell/elements  we  design  and  stcroim  the  df pendency 

Of  nejic)  ■ 
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For  remaining  nonlinear  cascade/stages  this  dependence  we  design  >1 
from  formulas  (11-61)  and  (TV-15)  fer  output  voltages  from  f/B1JX, 

U nuix..  after  accepting  coefficient  of  a = 1. 

14.  Is  selected  nonlinear  cell/element  in  accordance  with  *’• 
reguirement s,  presented  in  §5  chapter  II. 

15.  For  the  different  values  of  the  cutoff  voltage  of 


cn  nonlinear  cell/element,  we  design  and  construct  the  family  ol 
curves  of  the  dependence  of  the  entry  impedance  ct  nonlinear 
cell/element  on  the  applied  to  it  sine  voltage.  Curved 
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‘''’uc»iL  111  ~ i and  a'„,  , ..  must  be  constructed  on  on 

cut  ve/graph . 

16.  If  the  curve  of  the  required  law  of  a change  in  v he 

resistor/resistance  of  nonlinear  ce  1 1/e leme nt  coincides  not  with  or 
of  the  curves  of  ).  we  produce  fitting  of  one  of  the 

nearest  to  curved  R,K.,n  ni  f(UHt.K),  increasing  the  number  o: 

nonlinear  cell/elements,  included  in  parallel,  if  curved 

•Wc/.,,.  — / (Um-.J  lie/rests  below  selected  curved  R,w u ■—  tp (Umjl).), 

cr  connecting  in  series  with  nonlinear  cell/eleirent  supplementary 
effective  resistance,  if  curved#  Rmn  m lie/rests  ahov“ 

selected  curved  R -f. 

17.  From  formulas  (II-5U)  and  (IV-1),  utilizing  a jodoqnaruyu 

curved  R,  „..,c  - % (U„^).  we  design  the  amplitude  characteristic:;  of 

the  latter  and  penultimate  nonlinear  cascade/stages.  The 
characteristics  of  the  nonlinear  cascade/stages,  which  precede  -he 
last/latter  nonlinear  cascade/stage,  are  identical.  Tn  the  civ  of 

= 1,  amplitude  char  a ct  er  ist  ics  of  all  nonlinear  cascade/stage:;  ar* 
identical. 

Id  From  the  amplitude  characteristics  cf  nonlinear  cascade/;  - i \ 
we  design  and  construct  amplitude  char  acte  r i st  ic  UPCh.  On  this.  • ,i,t 
curve/graph  we  construct  a precise  LAX  tJFCh,  calculated  fron  formula 
(1-17),  and  we  determine  the  deviation  cf  the  calculated  amplitude 
cha rac ter ist ic  from  accurately  logarithmic. 


19.  Utilizing  the  transient  responses  cf  r, -cascade  logarithmic 
amplifier,  given  in  chapter  V,  we  design  the  maximum  absolut  chat  ;• 
of  the  time  lag  of  signal  in  logarithmic  UpCh. 
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Fxample  1.  To  calculate  logarithmic  tJPCh  with  the  single 
resonant  circuits  of  receiver  radars,  if  are  assigned  the  following 
technical  specifications; 

passbar.d  UPCh  in  linear  conditions  0F  = 1 MHz; 


resonance  frequency  UPCh  f0  - 10  MHz; 


dynamic  range  on  output/yield  UPCh  relative  to  the  minimum  stj . 
of  u,„,x  it  must  not  exceed  hde<^  dE  or 


in  amplifier  stages  is  apjlied  the  tute  of  the  type  of 


1 
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the  pern  sh  re  mi:  S = 9 mA/V;  c„x  10  pF ; c.  =-25 


PF  ; 


^•’npox  — ®.0-1 


pF. 


The  calculation  of  logarithmic  UPCh  is  produced  hy  f he- 
outlined  above. 

1.  The  type  of  tube  is  assigned  according  to  techni  t . 
specifications. 

2.  According  to  formula  (VI-2)  we  leterraine  the  srr*  c 

U by  which  must  begin  the  LAX  ray/Leam, 

hXii’ 


(]  n 

iix  "'»„m  20  • in-* 


in 


iu 


2 ■ 10-*, I. 


3.  Being  qiven  value  of  m = 4,  according  tc  formula  (V 
determine  the  maximum  factor  of  amplification  'irch 


V •-■KM  i 0,7)  4 

~2~T6  « 


(I  ! ,-1 ) lo5. 


We  take  K0  = 10s. 

4.  According  to  formula  ( V I — S ) we  letetmire  the  maxima' 
cf  amplification  of  one  cascade/sta ge 

K,  (0,7  -0 ,H)'A!|yiT  (0,7  0,8)  I I, r,  10, 1 -Jl.fi, 

where  according  to  [ 24] 


'<> ,cr'  <'■«  | v ' IM-’ 


'Jr.  .in  J:i»*  i>,n|  . 10' 


1-1,5. 


We  take  K,  - 


i 


oc-’i;  u r ■ 


10. 
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S.  We  determine  the  total  resistance  of  the  elate  load 


■ ",a  °"- 


6.  According  to  formula  (VI-6)  we  determine  the  number  of  t!.f 


air  f lif  ier  stages 


In  A-,,  In  !l)s 
n ~ ItTAi  ~ TuTu 
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1.  We  determine  the  passband  of  one  casca de/stage  which 
according  to  [24]  is  egual  to 


^ / 1 


V n + 1 

”0,63 


10“ 

0,83 


2,9.5  A Ijif. 


In  this  case  it  is  assumed  that  the  input  circuit  UPCh  al< o ha:  \ 

passband  At,.  Prnimaem  AF  = 3 MHz. 


With  this  passband  the  cap acit ance/capacity  of  the  pla*o  circuit 

r° " S5/: ‘ “ ik  - 4'r".'  i o'“~ i . i io»“  “* 48  n<t>' 

R-  Is  selected  the  number  cf  nonlinear  cascade/stages.  It  *-!.>■ 
iftfctci,  which  tin  Is  after  UPCh,  is  carried  out  on  a germanium  : 

of  the  type  of  DG-Q,  then  it  works  in  linear  conditions  with  in  tut 
voltage  0.4-0. 6 in.  Since  the  minimum  output  potential  UPCh,  caused 
rcir.es,  must  be  not  less  than  0.S  in,  detector  will  work  in  lineal 
conditions  in  all  operating  range  cf  IAX  LPC  regardless  of  ♦ fact. 


C 1-20-77 


r.\ . 


4* 


will  be  the  last/latter  in t erme d iat e f requenc y stage  linear  ct 
nonlinear.  For  the  expansion  of  the  rarge  of  LAX  UPCh  the  last/lat*  : 
cascade/stage  it  is  expedient  also  to  take  nonlinear-  In  this  case 
the  number  of  nonlinear  cascade/stages  will  be  equal  the  to*al  ♦ o 
number  of  amplifier  stages,  i.e.,  'V.  - 0. 


9.  From  expression  ( V T — 8)  we  determine  the  coefficient 

A~  i 4-1 

11  * n In  l)v  — '/i  !n  Ii)  * 5 In  10 — 4 In  10 

We  take  a = 1 . Since  the  taken  value  or  coefficient  than  less 
required  in  calculation  a = 1.3,  dynamic  range  UFCh  on  output  voltac- 
will  be  obtained  than  somewhat  less  assigned.  Furthermore,  with  a 
calculation  n = cascade  UPCh  from  LAX  is  simplified,  since  all 
nonlinear  cascade/stages  must  have  identical  amplitude 
characteristics. 


10.  According  to  formula  (VI-9)  we  determine  entry  stress  of  t: 
last/latter  nonlinear  cascade/stage  by  which  begins  its  LAX, 

“ - ■ lu_<  • !04  — 2 • 10~a  a. 

11.  According  to  equalities  (VI-11)  and  (VI-12)  we  deter*  in.  Ms 
stress  : 

L'«x,  “ U,*,K I “2  • 10-=  • 10, = 0,2  a; 

^aut,  * KiU^VnDt  q-  I)  — 0,2  [In  10  4-  l)  = 0,G6«. 


12.  According  to  formula  1-62)  for  output  voltages  fromi 
0,2  v of  up  to  b/  «= o,oo  V we  design  and  plot  i cutv 


K'W 


(in  Fig.  138  dash  krivayaz). 


n.  Accord  in  j to  formula  (1-64)  for  output  voltages  from 

tf.™.  o..w  v of  up  to 

^eux.  = (*  !n£>,  + I)  =--  10  • 2 • 10—* (5 In  10  + 1)  '-',5  V we  design  ar  •: 

construct  for  the  last/latter  nonlinear  cascade/stage  the  curved 
o — i in  \ which  is  the  continuation  of  the  curve  of 

^„«n'  /(^imc)  and  is  depicted  on  Fig.  as  136  trcken  line. 


I 


•&,enc  ■/WtMfii'OiJ  I 

' ftne/lit  If0ntncl 


€ 

g 

: f 

\. 

: 

\-i 

-r-f 
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- • * 
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Curved  nj  for  remaining  nonlinear  casca d e/sta ges  will 

accurately  the  same,  but  shorter  terminate  with  the  voltages  ot  *■  he 
t/BUX  , which  are  shewn  in  Table  ?. 

14.  As  the  nonlinear  cell/element,  which  shunts  the  plat  load 
cf  cascade/st age , is  selected  a germanium  diede  ci  the  t vne  cr  . 2J. 

VS.  From  the  method  five  ordinates  we  design  curved 
^ «cjic  ‘t Calculated  curves  for  different  cutoff  voltage 
diodes  are  depicted  as  solid  lines  on  Fig.  40.  From  this  figure  i t : 
evident  that  the  curve  of  the  required  law  cf  a change  in  the 
resistor/resistance  of  the  nonlinear  cell/element  of  m «*  / (f'Mc.-,c) 

coincides  sufficiently  well  v» i 1 1 the  curve  cf  a true  change  of  ♦■he 
resistor/resistance  of  nonlinear  cell/element^m  ♦'he  range  or  - ♦ r*  ssn  . 
0.25-0.8  in,  and  then  these  curves  diverge.  The  disaqroemerV  of 
curves  it  is  possible  * o remove,  by  connecting  in  series  with 
nonlinear  by  cell/element  the  supplementary  linear  resistor/r  i * 
cf  the  /;  ,,,5=1011  ohm,  which  it  is  equal  to  a difference  i:  - ! ■ 

resistor/resistances  of  Kiim|,,-2!8  chra  and  /?„„  • loo  ohm 

with  of  ^3an,IM  “0,25  v at  the  point  of  = 2,5  I/- 

The  supplementary  resistor/resistances  cf  R;lof,  feu 

different,  ncnlinear  cascade/stages  it  is  expedient  to  undertax 

different.  The  values  ot  these  resistor /resistances  it  is  r.re  > i \ 
to  find  as  difference  in  the  resistor/resistances  of  WHmh,  m an  i 

found  through  the  curves  of  = f and 

^ii  ej»c  ' with  the  stresses  of  l/HeJ1(.,  corresponding  to 


A 
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the  end/lead  of  the  LAX  cf  amplifier  and  given  in  Table  j.  Th- 
cf  supplementary  res  istot/resista  nces,  found  in  a indicated  T-ann 
are  brought  in  Table  4,  from  which  it  is  evident  that  for  the  fi 
nonlinear  cascade/stage  the  res  i stor/rosist  a rice  cf  an 

remaining  nonlinear  cascade/stages  it  virtually  one  and  the  sanu 


1 
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Table  4. 


i 

I 

1 ! 2 
1 

8 

1 1 5 

^06-  ^ 

o ; 87 
1 

90 

94  i 100 

Key : ( 1)  . ohm. 
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i to* 

10' 
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Fiq.  139. 

Calcu 1 at e 

h«'  f i 1 t h 


caseade/stage  of  logarithmic  amplifier. 


Key:  (1).  V. 
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Figure  138  by  crosses  shows  the  points  cf  the  passage  of  the 
curve  of  a change  in  the  res  i st  or/resis  t a nee  of  nonlinear  c o 1 !/•  ■ le  m*-i  * 
with  series-connected  supplementary  soprctivleni  ye  /<  = imo  ohm. 

The  points  of  the  curve  (A  f 100  ohm)  ot  - ? (t'liejt,.1 

coincide  sufficiently  well  with  the  required  curved  m *=  / (^A,,,,,.) 

in  all  range  ot  tne  output  voltage  or  the  last/latter  nonlinear 
cascade/stage. 

Dcbavonye  resis tor /resistances  it  is  expedient  to  utilize  i or 
producing  on  them  the  voltages  of  which  lock  nonlinear 

cel 1/e lements . 

1b.  From  formulas  (11-1),  (II-2)  and  (Il-U)  we  design  the 

required  amplitude  characteristic  of  nonlinear  cascade/s* ag o (unbroken 
curve  in  Fig.  13  9). 

According  to  formula  (11-54)  with  the  use  cf  a curve 
4.  ,00  ohm)  we  design  the  r • > a 1 

amplitude  characteristic  of  the  last/latter  (the  fifth)  nonlin*  u 
cascade/stage.  The  calculation  points  cf  real  amplitude 
characteristic  are  plotted/applied  in  Fig.  139  and  coincide 
sufficiently  well  with  the  required  characteristic.  For  renuinirg 
nonlinear  cascade/stages  real  amplitude  characteristics  will  hiv*  1 1. 
same  or  even  lesser  deviatiers  frem  the  required  c ha  racier  i st  i - , ..in- 
curved (W  + RvA)  = <f  (£/„l!jlct  tor  these  cascade/ stages  will  be  more 

accurately  it  sovpdaet  from  the-  required  curved  /••„.  m - 
Therefore  for  the  calculation  of  the  common  amplitude  characteristic 


C 1- 20- 77 
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i\Sl 


of  amplifier  it  is  possible  to  utilize  an  amplitude  characteristic 
only  of  last/latter  nonlinear  cascade/stage. 


17.  Prom  formula  (1-17)  we  design  a precise  (ideal)  LAX  UPCh 
(broken  line  in  Fig.  1*W). 


C 1 -20-77 


Fig.  140.  Calculated  and  real  amplitude  characteristics  of  fivo-s^a;' 
logarithmic  tuned  amplifier. 

Key:  (1).  y. 
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On  the  points  of  the  real  amplitude  characteristics  or  nonlinear 
cascade/stayes  (in  particular  according  to  the  amplitude 
character istic  of  the  fifth  nonlinear  cascade/stage,  depicted  on  Fiq. 
139)  we  design  and  construct  real  logarithmic  amplitude  characteristic 
UPCh,  that  consists  of  five  nonlinear  cascade/stages  (point  in  Fig. 

1 ^ 0 ) . From  the  figure  one  can  see  that  the  amplitude  characteristic 
in  all  logarithmic  range  100  dB  differs  from  accurately  logarithmic 
not  more  than  to  3-4o/o.  This  accuracy  is  ccmpletely  sufficient  for 
early-warning  radar.  According  to  the  calculated  amplitude 
c la  racterist  ic  we  determine: 


overall  range  LAX  U FCh  on  the  input  voltage 


D = 


uZ. 


0‘> 

--  ' — = 05 
2 ■ 10“®  ' 


or 


(tl 

U = too  06\ 


( I ' 
dB 


working  dipazon  LAX  UPCh  on  the  input  voltage 


D 


_ "L_  _0'2 

»a6  u'  “a- to 

°*mhh 


-s=10h 


or  DpilS  = 80  dB,  i.e.,  it  corresponds  that  which  was  a 
iynamic  range  on  the  output  voltage 


ssi  gtied 


h - — 


uZ 


0,Cli 


;t,«, 


ct  h = 11. h dB,  i.e.,  less  assigned  ti  = 12  do. 


J 
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W it h dynamic  range  on  output  voltage  12  dE,  there  is  no  n-e  : for 
for  the  application/use  of  a limiter  after  detector.  In  the  absence 
of  the  limiter  of  mark  on  an  indicator  of  the  tyre  "b  "(with 
brightness  indication)  from  the  objects,  arrange/located  a*  '’iffer-r*- 
distances,  they  have  different  brightness.  Furthermore,  the  marki 
from  the  closely  locating  ground  features  are  always  brighter,  than 
mark  from  objects,  that  considerably  ofclagchaet  the  discrimination  o* 
objects  against  the  background  of  interferences  from  the  ground 
features.  Conditions  of  observation  of  object  on  the  screen  of  the 
type  "b  ",  at  output/yield  of  the  logarithmic  receiver  confronting 

without  limiter,  considerably  better/best,  than  cn  the  indicator, 
connected  at  *-he  output/yield  of  linear-receiver  with  limiter. 

18.  From  Table  3 we  find  the  maximum  entry  stress  of  the 
last/latter  (fifth)  nonlinear  cascade/stage  (it  the  output  volt  ot 
the  fourth  nonlinear  cascade/stage)  at  the  end  of  the  LAX  HPCh  of 

h,  -2  K With  output  voltage  2 in  the  amplifier  tube  nt 

the  fifth  cascade/stage  works  without  overloading. 

Ttius,  the  calculated  logarithmic  amplitude  characteristic  finch 
satisfies  zadanym  requirements. 

19.  According  to  the  transient  responses,  depicted  on  Fi).  1. 
and  given  in  work  [ 11],  we  determine  the  maximum  relative  china*  of 
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the  time  lag  of  signal  in  logarithmic  UPCh 


In  this  case,  the  maximum  absolute  change  in  the  time  la j or 
s igna  1 


M -=>  Aj..  • 2/?(,C.-«2,4j  *2  • 1,1  ■ 10*  • 48-  l(r*  = 

• MUKC  JMaKC 

=ji  2,0  • 10~7  cck.  ( 1 > 


20-  We  determine  the  maximum  supplementary  error  in  ranging, 
caused  by  application/use  in  receiver  radars  UPCh  with  logarithmic 
amplitude  characteristic. 


Ait, 


1 :>0A/ , 


~ 150  • 0,26  = 30 


1 


m . 


This  supplementary  error  in  ranging  is  completely  permissible  foi 
a receiver  early-warning  radar. 


Example  2.  To  calculate  logarithmic  video  amplifier  with 
nonlinear  feedback,  from  the  following  technical  specifications: 


the  maximum  factor  of  amplification  of  videc  amplifier  % - 10'; 


the  set-up  time  of  momentum/impulse/pulse  in  the  work  of  video 
■ • lit  lee  in  linear  conditions  must  be  equally  cf  /y  . o,:i  M <- ; 


the  LAX  of  video  amplifier  on  input  voltage  must 


! ■*  r.  >t 


! 

\ 

i 
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relative  overshoot  toward  the  end  of  the  LAX  of  amplifier  must 
not  exceed  5-10 o/o. 

The  calculation  of  logarithmic  video  amplifier  is  produced  by  tf. 
procedure  presented. 


1.  is  selected  the  diagram  of  video  amplifier  with  nonlinear 
cell/e lements  in  the  cathode  circuits  ot  amplifier  stages,  since  it  i ; 

required  to  ensure  sufficiently  high  accuracy  LAX  over  a wide  range 
and  small  parasitic  overshoot. 

2.  Is  selected  a tube  of  the  type  "6J5F 


3.  We  determine  f he  output  voltage  by  which  must  begin  the  LAX 
of  video  amplitier,  assuming  that  will  be  provided  for  the  successive 
work  of  nonlinear  cascade/stages  and  is  obtained  range  LAX,  equal 
factor  of  amplification 


UlK 


' An 


= (5-s-  10)  10 


0,5  h-  1 
10«  ~ 
-s  V 


We  take 


= 7,5 


I0~5  V 


We  are  assigned  by  the  number  of  nonlinear  cascade/  ;t  i g<u  i 


— 


3. 


8.  For  this  amplifier  as  nonlinear  ce  1 1/e  lemen^ , is  select  a 
germanium  diode  of  the  type  of  D2J.  In  order  that  nonlinear 
cell/element  would  have  comparatively  small  initial 

resistor/resistances  of  we  include  ir  parallel  two  iiodc. 


9.  Acording  to  the  procedure,  presented  in  chapter  II,  we 
design  and  construct  the  family  of  curves  of  Rnv,e  — f for 
different  bias  voltages  cn  nonlinear  cell/element  (solid  line  in  Fii. 
141).  Under  nonlinear  cell/element  in  this  case,  we  will  under  r+an. 


the  pair  of  the  in  parallel  connected  diodes  D2J. 
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Table  5. 


Z 

«,1 

0.13 

0.15 

0,17 

0,20 

0,21 

0,22 

0,25 

71) 

OH' 

830 

330 

270 

200 

110 

130 

no 

■ 

70 

Key : (1 ) . (2)  . ohm. 


V'1  - 


Fig.  1 42.  Calculated  curve  /■'. |M  - / (a)  and  *■«**„  ,,, 

fcr  a cascade/stage  with  nonlinear  current  feedback. 
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In  Table  5 are  brought  the  initial  values  (minimum  valuer.)  of  th- 
resistor/resistance  of  nonlinear  cell/element  with  different  bias 
voltages  £Cm1iw1  on  if* 

10.  From  formulas  (11-78)  and  (11-80)  we  design  and  cor.;*  i ur' 

the  dependences  of  ><M.,  - l(.\)  and  ~ <p  (a)  for  the  relative 

input  voltage  x = (1-Dt)  = (1-21.6),  from  formulas  (TI-B3)  and  (11-64) 
we  design  and  construct  the  dependences  cf  RIKJI ,,,-=/(*)  and 

•rnej.,,|  “ f (a)  for  x = D , - D , f ( i - 1 ) In  D,  + 1]  = 21.6-21.6  [(1-1)  It. 

21.6  ♦ 1]  = 21.6-154.  Value  x = 21.6-156  are  accepted  for  the 
last/latter,  third  nonlinear  cascade/stage.  Fci  it  i = 3.  Bincc  in 
this  case  of  a = 1,  the  curved  A'„  =/(v)  and 

*,,e"n  in  — V> (-v)  are  identical  for  all  nonlinear  cascade/stages, 

differing  only  in  terms  of  range  x.  The  carried  out  complete  cr  of 
nonlinear  cascade/stage  at  two  values  of  the  res  ist  or/resis  t anc  *-  of 
^neji, ~ 7H  and  130  ohm  showed  that  the  best  results  are  obtained 

with  AllCJIi  = 130  ohm. 

Calculated  curve  ****„,,„=**/(*)  and  In  = 9 (x)  f°l  an 

A1IC1  = 130  ohm  a rd  three  values  of  the  resis tor/resi  sta  nee  of 

R oc  are  depicted  on  Fig.  142.  The  curved  *=  9 (*)  with  >1 

R„e„  1 <(ioo—i50  ohm  and  the  Roc>3kom  in  practice 

dees  not  depend  on  the  value  of  the  resistor/resistance  of  R0  c. 

f t 

11.  Taking  into  account  that  *=  or.  t |;. 

curves  of  R1IW1||  „,  •=/(*)  11  m “,v)  for  the  selected  vilu«* 

/?iicjt  130  ohm,  that  it  corresponds  to  bias  voltage  on  t h • mi  li-  ,u 
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cell/element  of  A' v - 0,21  V and  for  the  different  values  of  t • 

resistor/resistance  of  y;0  c we  design  and  we  plot  a curve 

on  one  curve/graph  with  the  curves  of  />lK  v«,'11CTf). 

Page  229. 


Fig.  143.  Calculated  curve  Raej,e  ^ ? luutJI<)  and  7?„eJ1JI  f(UHen) 

for  a cascade/stage  with  nonlinear  current  feedback. 

Key;  (1).  ohm.  (2).  (3).  l/. 


The  calculation  points  for  the  logarithmic  section  of  ’■ho 


amplitude  character ist ic  of  cased de/sta qe,  that  corresponds  ro  x - 
(1-21.6)  or  the  = 1,8  • 10~ * -r- 0,7  if  into  in  t;uXi  = 3,5  mv,  are 

plctted/applied  in  Fig.  142.  For  the  resistor /res istance  of  -h 
/?„  c = 3 kom  these  points  arc  shewn  b y crosses,  for  the 

ftQ  c = 3,9  kom  - by  triangles,  tor  the  ft0<.«=  s,l  kom  - hv 

circles-  The  calculation  points  of  the  curves  of  b?liejl|,  ,,,  = f {Uue]t ), 
connected  with  broken  line,  for  the  guasi-linear  section  ot  t ho 
amplitude  characteristic  of  the  last/latter,  third  nonlinear 
cascade/stage  at  the  same  values  of  the  resistor/resistance  of  K0,c 
are  shewn  in  Fig.  143. 


Curved  ft  m = / (t/lieJ,c)  i are  suitable  also  for  the  sc-conl  and 

first  nonlinear  cascade/stages.  For  the  third  nonlinear  ca scad e/s* ago 
curved  ft  |((  are  utilized  completely  with  V=  i,8  • iu-^5,1 

which  corresponds  to  x = (1  - 154);  for  the  second  - in 
^n«dc"  *•&  • 10-1  -:-'2,96  \y  that  corresponds  to  x = 1-88;  for  the  firs*  - 

with  t/iie/ic=  which  corresponds  to  x = 1-21.6. 

Figure  143  shows  that  the  best  agreement  of  the  curve  of  tis 
b’neji  “ ? (b'licxJ  with  of  E.u  =0,2!  v with  the  required  law  rf  i 

change  in  the  re  sist  or/ resistance  of  the  nonlinear  cel  1/ole  ment  r 
/?„Mn  m=/(t/HMc)  is  obtained  during  *he  resistor/r esi s- aru  o; 

the  ^o. c *=  5*i  k°m. 

12.  We  design  total  resistance  in  the  anode  circuit  ot  non1 i : • n 
cascade/stage.  From  formula  (1-77)  we  obtain 

L 
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K\  (I  + Sf ,)  _ 21,6(1  +9  • 10~3  • 127) 
S 9 • I0~3 


= 5,14  KOM, 


where 


0.  Ae-n,  5,1  IQ3  ■ 130 
#o.c  + #um,~6,1  . fO3  -)-  130  ~ 


Upon  the  inclusion  into  the  anode  circuits  cf  the  cascade/ 
which  cut  the  reverse/inverse  overshoots  of  semiconductor  diode 
resistor/resistance  H0  determines  from  the  expression 


where  the  tf,,,,*  — (10— ]S)aom  ~ fhe  tack  resistance  of 

cuttinq  semiconductor  diodes  for  low  siunals. 
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Fig.  144.  Calculated  and  real  amplitude  characteristics  of 
casca de/sta ge  with  nonlinear  current  feedback. 
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13-  From  the  curve  of  the  #HMc  = <p with  of 
=»°.21  v and  formulas  (11-73)  and  (11-76)  we  design  and  c. 
the  real  amplitude  characteristic  of  the  last/latter  nonlinear 
(it  is  marked  by  crosses  in  Fig.  144). 

Figure  144  shows  that  the  real  amplitude  characteristic  of 
cascade/stage  differs  from  the  required  characteristic  (dashed 
to  the  side  of  great  significance  in  the  beginning  of  logarithm 
section  and  to  the  side  of  smaller  values  on  quasi-linear  secti 
These  divergences  in  n-cascade  amplifier  must  largely  comper.sit 

14.  From  the  real  amplitude  characteristic  of  nonlinear 
cascade/stage,  we  design  and  construct  the  real  amplitude 
characteristic  of  three-stage  video  amplifier.  The  calculation 
points,  together  with  precise  by  LAX  (dash  straight  line),  are 
depicted  on  Fig.  145,  frcm  which  it  is  evident  that  the  calculi 
amplifier  has  real  logarithmic  amplitude  characteristic  in  the 
(on  input  voltage)  80  dB.  The  divergence  of  real  amplitude 
characteristic  from  accurately  logarithmic  in  all  range  80  dB  3 
exceed  3o/o. 


18.  Me  design  the  set-up  time  of  mamen tu m/ im pu lse/pu 1 so  i 
work  of  video  amplifier  in  linear  conditions.  Set-up  time  of 
me  men t um/im pu lse/pu 1 se  at  the  output/yield  of  one  linear  cascal 


iW 

r ~t r uct 
kskada 


cu:vr) 
ic 
on . 

“ for. 


range 
oe^,  not 

n the 
e/st  a !• 


2 ■ hi  • 1<r,a  ■ !i,l  in*  *=  1,3  !0"’  s 
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w he  re 


('°  ^iiux  Cl*  + Cu  = 2,5  -).  4t66  + 6^13  pF 


In  the  presence  of  negative  current  feedback  the  >]yn 


y nature  1 r-pu4- 


capacitance  of  the  tube 


p , MX 

ux  = F-Tv 


In  the  work  of  nonlinear  cascade/stage  in  linear  condi 


ion  s , » i 


ett  ain 


i + Spi  i + 9 • to-3  • 127 


= t,GG  pF. 


In  view  of  the  tact  that  all  nonlinear  cascade/stages  identical, 
the  set-up  time  of  mome  n t u tr/im  pu lse/ pul se  at  the  output/yield  of  vi 
amplifier  in  work  in  the  linear  conditions 


‘y  ~ ly>  V n - 1.3  10--  Y 3 


it, 3 • 10~»  s- 


P5 
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Thus,  time  of  ty  does  not  exceed  that  which  was  assigned  ir 

technical  specifications.  With  an  increase  in  the  input  time  signal. 


of  the  establishment  of 


will  decrease. 


16.  From  formula  (V-59)  we  design  the  relative  overshoots  o t ♦ 
nonlinear  cascade/stages  of  for  the  end/lead  of  the  LAX  or 

amplifier.  For  the  first  cascade/stage  this  corresponds  to  x - 21. f ; 
for  the  second  - x = 88,  for  the  third  - x = 154. 


On  curve,  depicted  on  Fig.  143,  we  find  the  values  of  the 

resistor/resistance  of  and  substitute  in  formula  (V-59)  . 

fcr  the  first  nonlinear  cascade/stage  we  obtain  ci  = 1,34  - I0_ 4%; 

K(i ) 


the  second 


d^r°-5'  l0'5% 


and  for  the  third  — rf  = 4,3  • io-‘%. 


T r 


n 

for 


In  the  work  of  nonlinear  cascade/stages  in  linear  conditions  for 
all  cascade/stages  of  1,38 . io~<%.  If  the  network  elements  ot 

nonlinear  cascade/stages  are  selected  from  the  condition  of  the 
equality  of  sum  ( V — 2 1 ) to  zero  in  the  beginning  of  the  LAX  of 
amplifier  [network  elements  of  the  nonlinear  cascade/stage  of  C,^,  C9 

and  Cc  are  located  from  expressions  (V-15),  ( V—  16)  and  ( V—  1 7 ) ], 

then  at  the  end  the  LAX  of  amplifier  in  each  nonlinear  cascade/stage 

will  occur  certain  the  perekorrektsiya  of  the  re  verse/in ver sc 
cvershcct:  in  the  first  nonlinear  casca de/sta ge  of 


tf„(l)“dK-‘/K,l)  = 0-4  • 10-6%; 


in  the  second  - 


~dnm  = 4,(2)  = 7,3  ■ ^ in  the  third  - an<3)  = dK - rfK(3)  = 'J.5  • lo-»%. 

General  perekorrektsiya  at  the  output/yield  cf  logarithmic  video 
amplifier  at  the  end  of  the  LAX 


C 1-2  0- 7 7 


PA  ;f 


Page  2 32. 


+ ‘'n(3)  = 4 • !°"“  ' 2l’6‘ '+ 

+ 7,3  • 10“*  • 21,6  + y,5  ■ 10-‘  = 2,51  . I0-*%. 


Calculate  of  the  perekorrektsi  y a of  reverse/inverse  overshoot  i.s 
observed  at  the  output/yield  of  logarithmic  video  amplifier,  it  rc 
input  enter  ideal  momen tum/i mpulse/pulses  without  parasitic 
reverse/inverse  overshoots.  If  for  the  input  of  the  designed  video 
amplifier  enter  real  momentua/inipulse/pulses  with  the  parasitic 
relative  overshoot  of  dox  = (j,oi%,  then  upon  the  inclusion  in^o  M.- 

anode  circuits  of  the  norlinear  cascade/staqes  of  the  cutting  diodes 
cf  the  type  DG-Q  or  D2  relative  overshoot  at  the  output/yield  of  vid  > o 
amplifier  at  the  end  of  the  logarithmic  range  does  not  exceed  2o/o 
(see  Fig.  126). 

Thus,  the  calculated  logarithmic  video  amplifier  satisti  n,  all 
specif  ied. 

§2.  Procedure  for  calculation  of  logarithmic  amplifiers  during  the 
consecutive  addition  of  voltages. 

LAX  is  obtained  by  the  addition  of  the  voltages  from  the 
output/yields  of  cascade/stages  most  frequently  in  the  select iv 
amplifiers  of  radio  pulses  (method  of  consecutive  detection). 

Therefore  calculation  procedure  for  calculation  in  obtaining  LAX  bv 
this  method  it  is  expedient  to  examine  in  connection  with  the 
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selective  amplifiers  of  radio  pulses.  All  the  skhemye  solutions  of 
this  method  (diagram  with  separate  detectors,  diagrams  with  cathode, 
anode  and  grid  detection)  ate  designed  from  single  procedure.  During 
the  calculation  of  logarithmic  amplifier,  must  te  assigned  the 
following  initial  data: 

the  resonance  frequency  of  amplifier  f0; 

the  factor  of  amplification  K0  and  passtand  AF  of  the  work  of 
amplifier  in  linear  conditions; 

range  LAX  in  input  voltage  D; 

range  LAX  in  the  output  voltage  of  Dou*  or  coefficient  a. 

One  should  distinguish  two  case  of  the  calculation: 

1)  tentative  calculation  of  amplifier  from  LAX; 

2)  the  calculation  of  amplifier  with  precise  by  LAX. 

Tentative  calculation  of  the  selective  amplifier  of  radio  pulse;  from 

LAX. 

We  assume  that  all  cascade/stages  work  in  linear  conditions  up  t _> 


their  overloading.  The  procedure  for  tentative  calculation  le 
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examine  in  an  example  of  diagram  with  separate  detectors.  The 
calculation  of  amplifier  is  produced  in  the  following  order. 


</»> 
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1.  on  the  basis  of  formula  (11-40)  we  determine  the  require 
factor  of  amplification  of  one  cascade/stage 


A'i  = e“  . 


. (VI-13) 


2.  We  determine  the  number  of  the  amplifier  stages: 

a)  if  is  assigned  the  ccmmon/genei al/tota 1 coefficient  of 
amplifier  K0,  the  number  of  cascade/stages  is  determined  from  formul  i 
(VI-6)  . Then  dynamic  range  the  I.AX  of  amplifier  is  determined 
according  to  formula  (TI-37); 


b)  if  is  assigned  dynamic  range  the  LAX  of  amplifier  D , the 
number  of  cascade/stages  we  determine  from  the  formula 


I n D , , _ 111  D 

,l  \nN  + 1 ~ fnKi 


(VI-14) 


which  easy  to  obtain  from  expressions  (11-37)  and  (11-40).  Tn  Hi  is 
case  the  common/general/total  factor  of  amplification  ot  *-he 
c as cad e/staqe 


K«  - Kl  = N\ 


(VI-15) 


3.  Is  selected  the  type  ot  tube. 
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4.  We  determine  the  passband  of  one  cascade/stage  AF,. 
ci.  We  design  the  cell/ elements  of  amplifier  sta  j 

6.  We  design  the  detector,  connected  at  the  output/y  i * - 1 >i  rf 
amplifier  stage,  acording  to  the  procedure,  presented  in  A.  P. 
Sievers*  book  [2^]. 

7.  From  formulas  { I V — 2 9 ) cr  (V-70)  we  design  deliy  line. 

8.  According  to  the  character  ist  ics  of  tule,  we  def  ^rmin*.  the 

input  voltage  of  the  by  which  is  impregnated  the 

cascade/stage,  and  the  respectively  output  voltage  of  U'KliX.  T !•, • 

values  of  the  voltages  of  U«x  and  U'tux  it  is  expedient  to  r.-fine 
experimentally.  The  voltage  of  U'„,iX  is  output  potential  of  trie 
amplifier  of  the  L/,iUI|l,  with  which  begins  the  1AX  of  ampliti-i. 

9.  We  determine  entry  stress  of  the  , by  which  l •-  |i  r.s  t n. 

LAX, 

(VI-16) 

A l 
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10.  We  determine  entry  stress  of  U, and  on  the 

output/yield  of  the  by  which  terminates  the  LAX  of  M • 


* 


11-  Multiplying  the  values  o t the  stresses  of  l/auXu  and 

on  the  transmission  factors  of  the  detector  of  kA  and  lir> 
of  kt,  we  find  the  values  ot  the  video  voltages  of  iy„UI|1  „ a'  i 
Uau%  K.  „•  removed  from  the  load  of  delay  line  with  which  begins  ar.  ' 

terminates  the  LAX  of  amplifier.  The  transmission  factor  ot  k,.  j. 
determined  according  to  formula  (IV  — 33)  - 

12.  Graphically  we  construct  the  LAX  ot  amplifier,  conr.ectii  : : y 
straight  line  two  points  with  the  coordinates  of  (/#*„,  U BUXll  „ ini 

U„ti,  U„uxK  nanesennye  with  reference  grid  on  semi  loga  r i th  mic 

scale.  The  constructed  straight  line  will  approximately 
reflect/represent  the  real  LAX  of  amplifier.  The  allowed  error  car.  I- 
determined  by  curve,  depicted  on  Fig.  17,  by  knowing  the  factor  ot 
amplification  of  cascade/stage. 

Calculation  of  selective  amplifier  with  precise  ly  LAX. 

With  the  method  of  the  consecutive  addition  ot  stresses,  * h. 
amplifier  has  a precise  LAX  only  in  such  a case,  when  the  amplitude 
characteristics  of  its  cascade/stages  are  described  by  expression. 


(IT-47),  (1  1-49)  and  (I  I— S 1)  . Consequently,  as  a result  ot  Mu 
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calculation  it  is  necessary  to  attain  this  position  in  oiler  thit  M 
calculated  cascade/stages  would  have  the  amplitude  characteristic., 
described  by  fhe  indicated  equations. 

The  calculation  procedure  for  calculation  let  us  examine  ii 
connection  with  diagrams  with  cathode,  anode  and  grid  detection. 
Logarithmic  amplifier  in  this  case  is  designed  in  the  following  crd* 

1.  Is  selected  amplifier  circuit  and  the  type  of  tube. 

2.  We  design  the  dependences  of  fundamental  harmonic  an  i t h< 
feed  current  of  tube  on  the  amplitude  of  the  input  voltage  during  ti 
different  operating  modes  of  tube  and  at  the  different  values  of  rh> 
res ist or/resista nee  of  RK  in  the  cathode  circuit  or 
resistor/resistance  of  Rc  in.  grid  circuit. 

Fage  235. 

Is  selected  that  curve  of  a change  in  the  fundamental  harmonic  w 1 act 
has  the  sufficiently  large  logarithmic  section  of  poryadk  IB-20  dP, 
and  sharp  knee  after  having  emerged  from  logarithmic  section. 


3.  Is  selected  the  total  resistance  of  the  pla^e  load  of 
cascade/stage  in  such  a way  that  taking  into  account  by-passinj  Me 
subsequent  cascade/stage  the  maximum  factor  of  airplif  icat  ior.  of 
cascade/stage  K[  would  be  on  unity  less  than  the  dynamic  rang-  of 
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its  LAX,  i.e.,  must  be  ful  tilled  the  following  equality: 

4.  We  design  delay  line. 

5.  We  design  the  amplitude  characteristics  of  casca de/sta g*  t;ni 

radio-  and  to  video  voltage.  Characteristic  on  radio- volta ge  roust  )•• 
similar  to  curve,  described  by  equations  (11-47),  (11-49)  and  (II-rl), 

while  characteristic  on  video  voltage  must  be  linear.  From  thee, 
charac ter i sties  we  design  the  characteristics  of  cascade/st ages  from 
video  vcltage  depending  cn  entry  stress  of  the  amplifier  of 
UuuxB  = f (U«*y)  (see  Fig.  103).  In  its  ferm  of  the  characteristic  of 

U*ux„  — f(UB%y)  they  must  coincide  with  curved,  described  expressions 

(11-46),  (11-50)  and  (11-52). 

6.  Store/adding  up  the  ordinates  of  the  characteristics  of 

= f ((/„*)  of  all  cascade/stages,  we  construct  the 

characteristic  of  entire  amplifier. 

{■3.  Tuning  of  IZIHATEI. ' NOGC  logarithmic  amplifier. 

After  calculating  the  network  elements  of  logarithmic  amplifier, 
is  collect/built  mock-up  and  begin  its  adjustment.  The  adjustment  of 
logarithmic  amplifier  one  should  carry  out  into  two  stages.  In  * i. 
first  stage  it  is  necessary  amplifier  tc  regulate  in  linear 
conditions.  After  the  amplifier  is  controlled  in  linear  condition 
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(are  obtained  the  necessary  parameters  cf  amplifier  - *-ho  maximum 
factor  of  amplification  K0,  passLar.d  AF  and  resonance  frejuency  fn)  , 
begin  the  adjustment  of  amplifier  in  work  in  logarithmic 
mcde/cond it  ions  for  the  purpose  of  obtaining  precise  by  LAX  in  the 
calculated  dynamic  range.  The  adjustment  of  amplifier  begins  with  re- 
adjustment of  separately  each  nonlinear  cascade/stage.  In  this  case, 
it  is  necessary  to  attain  this  position  in  cider  that  +he  amplitude 
characteristics  of  nonlinear  cascade/stages  would  correspond  pr*-ciselv 


calculated. 


F i vj - 146.  Block  diaqran  of  installation  for  takinq  th«>  anplitui- 
char acter ist ic  of  logarithmic  amplifier. 
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Cnly  in  this  case  passible  sufficiently  easily  and  rapidly  to  o.tdii  1 
precise  LAX  of  amplifier  as  a whole.  After  are  controlled  all 
ncnlinear  cascade/s  t aqes , they  begin  the  adjustment  ot  entir* 
logarithmic  amplifier  as  a whole. 

The  amplitude  characteristic  of  both  of  separate  selective 
nonlinear  cascade/stage  and  entire  amplifier  as  a whole  can  be  r<  u <v-  i 
sufficiently  accurately  on  the  block  diagram,  depicted  on  Fig.  14b. 

As  the  source  of  signal,  can  be  used  h i gh-st.a hi  1 it v standard 
signal  generator  (standard  signal  generator),  from  output/y ie Id  of 
which  can  be  remove/taken  both  usual  sinusoidal  vy khokachastotn y 
esc  i 1 la  t ion/v  ibr  at  i oris  and  the  osci  Hat  icn/ vibrations,  modulated  ir 
pulse  amplitude  or  audio  frequency.  The  fundamental  requirement, 
imposed  to  signal  generator,  is  the  high  stability  of  amplitud.  or.  1 
depth  of  modulation  of  the  generatable  csci 1 laticns. 

The  amplitude  of  the  oscillations,  removed  with  standard  signal 
generator,  can  fall  short;  therefore  after  signal  generator  necessary 
tc  switch  on  amplifier  Uj  with  the  strictly  constant  coefficient  of 
amplification  in  time.  The  value  of  the  signal,  which  enters  t n< 
input  of  the  adjustable  amplifier  from  LAX  ( L U ) , can  be 
establish/installed  by  the  attenuator,  which  stands  at  the 
cutput/yield  of  signal  generator.  Dut  since  the  attenuators  it  signal 
generators  frequently  have  large  error  in  calibration,  for  taking  t i. 
amplitude  characteristic  of  amplifier  with  the  high  accuracy  iko's a:  v 
of  mezhd  by  amplifier  dj  and  tuned  LrJ  tc  switch  cn  the  supplem^n*  ii 


broadband  attenuator  A,  which  makes  it  possible  with  hign  accuracy  T 
change  attenuation  withir  limits  frcm  0 to  ICO—  120  da. 

For  the  accuracy  of  taking  the  LAX  cf  amplifier,  it  is  neeessar 
that  by  the  attenuator  it  war  possible  tc  change  attenuation  abrut* 
through  2-5  dP  with  accuracy  not  less  than  Ic/o. 

Fage  237. 

The  diagram  and  the  construction  of  this  attenuator  is  describe]  in 
the  literature  [14],  When  using  a supplementary  precise  ifttnuatir, 
the  attenuation  in  the  attenuator  cf  signal  generator  reduces  *■  :•  r 

As  measuring  meter  and,  the  connected  at  output/yieli  selective 
logarithmic  amplifier,  can  be  used  the  cathode  voltmeter  of  high  cl  a 
of  accuracy.  During  rough  taking  amplitude  characteristic  as 
measuring  meter,  can  be  used  the  oscillograph  of  the  type  of  251  or 
SI-8  (U0-1M). 

The  amplitude  characteristic  of  cascade/stage  or  amplifier  is 
remeve/taken  as  follows.  In  the  output/yield  of  standard  signal 
generator,  is  establish/installed  the  maximum  stress,  and  in 
attenuator  A,  introduce  complete  attenuation.  If  output  vol*ag- 
standard  signal  generators  is  small,  then  is  connected  amplifier  U, 
(they  disconnect/turn  off  key/wrench  Pi).  Then,  gradually  deor<  isir. 
the  attenuation,  introduced  by  attenuator,  with  the  aid  of  cathod. 


voltmeter  is  record/fixed  output  voltage  for  each  value-  of  H.e 
attenuation  of  attenuator.  The  attenuation  cf  the  attenuator  o: 
amplifier  will  not  initiate  to  enter  the  signals,  which  “mpiye  from 
the  dynamic  range  of  the  LAX  cf  amplifier.  After  depositing  poirts 
semilog  diagram,  is  obtained  the  real  amplitude  characteristic  of 
amplifier,  which  must  be  straight  line  in  the  case  of  small 
divergences  from  accurately  logarithmic  amplitude  characteristic. 

The  error  in  the  real  amplitude  characteristic  of  amplifier  is 
determined  by  the  deviation  cf  points  from  straight  line.  The  rror 
in  taking  the  aplitudnoy  characteristic  cf  amplifier  in  this  cise  is 
determined  by  the  errors,  introduced  by  attenuator,  by  measuring  nc* 
and  the  subjective  errors  of  operator. 

For  rapid  checking  the  accuracy  of  real  logarithmic  amrli*- un- 
characteristic, the  izbi r ate  1 ' noto  cf  amplifier  can  be  applied  th< 
method,  by  cited  author  by  the  modulated  oscillations  whose  essence 
entails  the  following.  If  we  to  the  input  cf  logarithmic  amplifier 
feed  high-freguency  oscillations  with  the  amplitude  of  the  U „„ 

modulated  in  amplitude  by  audio  frequency  with  the  modulation  factor 
un 

of  tn  ==  jf-  (Va — - the  amplitude  envelope  audic  frequency  to  M.o  input 

U in 

of  amplifier),  then  at  the  output  of  amplifier  the  amplitude  env  lot 
audio  freguency 

L'-„ux ' • A'^oJihI  -hui)  (VI-19) 

and  in  the  case  of  m = const  will  net  depend  on  the  value  of  the 
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all  dynamic  range  of  LAX. 
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If  output  potential  of  selective  amplifier  linearly  is  roct  i f i.  d wit:, 
the  aid  of  detector  d ar.d  is  isolated  envelope  of  audio  fro  juency, 
then  the  amplitude  envelope  can  be  accurately  measured  by  cathod' 
voltmeter  (amplifier  with  coefficient  K?  can  te  included  for  it 
increase  in  the  amplitude  detected  envelope  in  the  case  of  the  lev 
values  m,  K0  and  U»*a)- 

Rapid  checking  the  accuracy  of  the  LAX  cf  selective  amplifier  i: 
conducted  as  follows.  In  standard  signal  generator,  is 
establish/installed  the  determined  modulation  factor  m.  For  th-  mere 
precise  determination  of  the  point  of  the  deflection  of  the  objective 
parameter  of  amplifier  from  accurately  logarithmic  coefficient  m 
undertake  not  more  than  0.02-0.  05.  In  this  case  the  formula  (VI-1U) 
assumes  the  form 

UUn,t  = amKJU„H.  (VI-20) 

Furth.er  they  change  the  attenuation  of  attenuator  and  control  * : • 
arr cw/pointer  of  voltmeter.  In  the  case  of  the  register  of  the 
objective  parameter  of  amplifier  with  logarithmic,  the  arrow/poirt  1 
of  the  voltmeter,  connected  after  amplifier  Ug,  is  motionless  and 
shews  value 

W-u* amUBXilK0K2 


(VI -21) 
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during  a change  in  the  entry  stress  of  lcgarithiric  amplifier  in  all 
dynamic  range  of  LAX.  If  the  r if  lema  n/gunnet  of  voltmeter  .it  inn- 
values  of  input  voltage  differs  from  the  value,  determined  bv 
expression  (VI-21),  then  this  indicates  the  fact  that  with  thes-  input 
voltage  the  objective  parameter  of  amplifier  differs  from  accurately 
lcgar i th  mic. 
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The  throw  of  the  pointer  of  voltmeter  frcm  the  assigned  magnitude  tc 
large  side  indicates  an  increase  in  the  slope/transconducta  :ice  of  r-al 
amplitude  characteristic  (decrease  in  the  cdrovaniya  of  logarithm  “') 
in  comparison  with  that  which  was  assigned  and,  on  the  contrary, 
deflection  to  lesser  side  indicates  a decrease  in  th^> 
slope/transconduct.ance  of  amplitude  characteristic  (increase  in  t !>■ 
base  of  logarithm  N)  . 

By  the  modulated  oscillations  it  is  possible  to  very  rapilly 
check  the  amplitude  characteristic  ct  amplifier  and  to  determine  th« 
sections  of  characterist  ic,  which  differ  frcm  accurately  logarithmic. 
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